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PREFACE

This report describes work performed under SOW (Statement of Work) Task 8 of

the AGT/UGT Correlation Contract, DNA001-85-C-0363. Under this task,
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modifications was established under a related contract, Solid Booster/PBV Response.
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SECTION 1
INTRODUCTION AND OVERVIEW

HYPUF is a stress wave response code that has the ability to calculate

ionization effects in high temperature, high density plasmas. As such, HYPUF is a

derivative of the PUFF-66 code. HYPUF is also a public domain code which means it

is freely available to any defense contractor having a need to calculate the response of

materials to radiation induced stress waves.

The modifications to HYPUF described in this report are part of a continuing
program to provide a code suitable for analysis of material interaction with x-ray lasers

and other high intensity radiation sources. Previous modifications included automatic
zoning, rezoning and spall (fracture) capabilities. The modifications in this report
include elastic-viscoplastic, Maxwell dispersion, and Bade geometric dispersion
material response models, restructuring of the code to facilitate future modifications

and numerous minor corrections to the equation of state and ionization equation of

state subroutines.

The structure of the remainder of this report is as follows: Section 2 describes

the implementation of the elastic-viscoplastic, Maxwell dispersion and Bade geometric
dispersion material response models. Section 3 describes some corrections to the
ionization equation of state and main equation of state subroutines. These corrections
were necessary in order for HYPUF to correctly calculate bound-bound transitions in
high Z materials such as gold and to treat hydrogen bearing materials. Section 4

describes the restructuring of the code. This restructuring was done to facilitate
implementation of a P-a material response model for distended solids. Section 5

provides recommendations for future modifications to HYPUF.



SECTION 2
MATERIAL RESPONSE MODELS

This section describes the elastic-viscoplastic Maxwell dispersion and Bade

geometric dispersion models which were implemented in HYPUF. All three models
were incorporated as closely as possible to the way they were implemented in

PUFF74. The only differences between the implementation in the two codes was that

imposed by the fact that HYPUF is a temperature based rather than energy based

code and that HYPUF has its equation of state package completely separate from the

HYDRO routine.

The elastic-viscoplastic model is an extension of the elastic-plastic model which

is used to calculate stress deviators in solid materials. In the elastic-viscoplastic

model, the stress deviator can overshoot the yield surface value of 2 Y (Y = yield3
strength). The stress deviator is computed incrementally from the differential equation.

4 A av S1 2 2"Yasx _ 3v' IIx-

37v t-1( + 'YO), ISx X1
(Sa TX -i I J (1)

In equation (1) above, the parameters are:

v = Specific volume

g = Shear modulus which is calculated from its initial value go (input as AMU)
based on the assumption that the ratio of shear modulus to bulk modulus is
constant

Y = Yield strength which is calculated from the input parameters Yo (YO) and
YADD as a function of plastic strain

Tr = Viscoplastic relaxation time calculated from the input parameters Tro
(TRELAX) and Pr (PRELAX).

o = Dimensionless parameter of magnitude unity and opposite in sign to Sx.

In the above parameters, Tr is calculated from

2



Tr= T,,*-ex- (ISxI)- Y1
Lr (2)

The ratio of shear modulus to bulk modulus can be varied upon release, thus

controlling the shape of the unloading path. This is controlled by the dimensionless

parameter SHEARR. Other input parameters of interest are EM, the melt energy, and

YMU the compression C-- at the elastic limit.

These parameters are used as described in Reference 1 and Reference 5.

The Maxwell dispersion model was originally designed to treat geometric dispersion in

layered materials. In this model, a second stress deviator is calculated from the

equation

DS2 4J2 av S 2

r2 (3)

Two inputs are required. They are:

2= Effective shear modulus, input as AMU2

Tr2 Relaxation time, input as TRELX2

The Maxwell dispersion model and the elastic-viscoplastic model may be used
simultaneously. In that case, the total stress in the solid is given by

Gx = P - Sx - S2 (4)

Another geometr.ic dispersion model available is the Bade geometric dispersion
model. The Bade model was designed to describe the behavior of composites such

as 3DQP, which have large scale heterogeneities. In this model, a rate dependent

stress is calculated from

3



= (01CO x + (5)

The required input parameters are ol (input as OMEGA) and A (input as EQSTA). The
Bade model can also be used in conjunction with the elastic visco-plastic model. The

total stress is then

Ox = P-Sx+Q (6)
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SECTION 3
CORRECTIONS TO EQUATION OF STATE

During the process of implementing the changes described in Section 2, some
difficulties were encountered in using HYPUF. These difficulties included the inability
to handle hydrogen bearing compounds, and the inability to handle TWCP or similar

materials with a specific heat ratio in the vapor that is substantially different from 2
3.

In addition, Dr. Judy Gates of APTEK (Reference 2) discovered that HYPUF did not
correctly treat the bound-bound transitions of high Z materials such as gold. This
section describes the actions taken to correct these difficulties.

The errors discovered by Dr. Gates involved an inconsistency in the calculation
of bound-bound transitions and the possibility of a floating point error in the calculation
of the energy fraction for bound-bound transitions for high Z materials. In order to
solve these problems, several changes were made. To correct the inconsistency in
the number of bound-bound transitions which can be treated, the dimensions of
NSAVE, EBB, and NLEC were increased as shown in table 1 below. In addition, the
do-loop on index NTMP in subroutine OPAGUE (see Appendix A, page A-85) was
changed to read:

DO 870 NTMP = 1, 15
NTMP1 =16-NTMP
IF (KI.LE.NLEC(N,NTMP1)) GO TO 890

870 CONTINUE

5



Table 1. Change in dimensions of arrays used to calculate

bound-bound transitions.

Common
Block
Name Array Original Corrected
or Local Name Dimensions Dimensions

AC EBB (10,6,14) (10,15,14)

AC NLEC (10,6) (10, 15)

LOCAL* NSAVE (6) (15)

*NSAVE is local to subroutine GENRAT.

In subroutine OPAGUE, RBB is the energy fraction for the bound-bound
transition of interest. Originally, RBB was simply divided by the quantity (EION (N, JI) -
ENIK (N, K1, K4)) in a loop to find the highest active edge contributing to the x-ray
cross-section. However, in certain diabolical situations, there are no electrons being
removed from subshell K4. In such a situation, (EION(N,JI) - ENIK (N, K1, K4)) which is
the edge energy for removal of an electron from subshell K4, will be zero and a
floating point error will result. To correct this problem, the integer array NSNIK (10, 8,
14) was added to common block AC and the following additions were made to the
coding: An inner do loop was added after the inner loop to initialize NNIK (see
Appendix A, page A-85):

DO 550 K=1, KI
KL = NOEC(N) + 1 -K

550 NNIK (N,K1,KL) = NGRUP (K)

DO 560 K = 1, 14
560 NSNIK (N,K1,K) = NSPDF (K)

6



Then the following lines of code were added (see Appendix A, Page A-86).

1010 RBB = EBB (N, NTMP, K4)

KNN=KC+1 -K4

IF (NSNIK (N, K1, KNN). EQ. 0) GO TO 1020

RBB = RBB/(EION(N, JI) - ENIK (N, K1, K4))

1020 CONTINUE

When the need to calculate the material response of hydrogen bearing

materials was first encountered, the code would not cooperate. Numerous floating

point errors made it necessary to alter the description of the elemental composition

such that the presence of hydrogen was ignored. The primary source of these

difficulties was traced to the indexing scheme used in the Saha equation solver and

related sections of the code. The Saha equation solver is an indefinite loop designed

to calculate the degree of ionization in each element in the material. Up to eight levels

of ionization and the population fraction for each of the levels is computed. The Saha

equation, however, is a relationship between two successive levels of ionization.
Thus, the Saha equation must be used iteratively to find the eight most highly

populated levels of ionization and the fraction of the population in each level.

According to Reference 6 the ratio of particle concentrations between the mth and m +

1 st ionization levels is given by

a ~ae(m+lo e 1
am  -- K m+i (T1) m =0,1,2...am p m~i(7)

where ai = Ni/N, and

U mA M+
Km+1 (T)=2 kT (8)

(9)
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-maXm = Cce (10)

In the above expressions, Um and Um+l are the electronic partition functions of
the m and m+1 states, me is the mass of the electron, k = Boltzmann's constant, h =
Plank's constant, T = temperature and Im+1 is the ionization potential of the m-ion (the
increment in energy needed to remove the m+1 St electron). For hydrogen,

al = a1e =1-ao, and so equations (7) and (8) simplify to

U32 1
a2  U 1 (e -k-kT1~ - -' IT "0 -TN

In (11) a is the population fraction of the first ionization level. Thus, in order to
enable HYPUF to handle hydrogen, two changes were required: First, the indexing
scheme was altered so that the ground state or zeroth ionization level can be included
in the calculations where appropriate. Second, the analytical solution to equation 11
was coded into the Saha equation solver, explicitly. Since the ground state was
included in the eight possible levels of ionization subroutine FLOION also had to be
modified to correctly calculate the ionization energy in the material. The changes in
FLOION were (see Appendix A, page A-52)

DO 60 K=1, KN

L = NI (K, N)
IF (L.LE.0) GO TO 60

El (J) = El (J)+R (K,N)*EN (N, L)*AF (M,N)*FLOAT (NATOM (M))
1 -9.632E1 1 / XMW(M)

IF (J.NE.JTS) GO TO 60
IF (KPRIN.EQ.1) WRITE (6,190) MATL (M), NAMEL (N), KN,

1 L, J, El (J), R (K, N), EN (N, L), AF (M, N)
60 CONTINUE

In SAHA, the changes were (see Appendix A, page A-116, A-117):

8



C
C CHANGE IN KMAX TO INCLUDE GROUND STATE AS ONE OF THE
C POSSIBLE IONIZATION STATES
C

KMAX (N) = MINO (NTBL (N) + 1,8)
KN - KMAX (N)

90 DO 150 N1 = 1, NEM
N = IELEM (M, N1)
KN = KMAX (N)
KGO =KN - 1
IF (KN.LE. 2) GO TO 100

GOTO 110
100 CONTINUE

R(1, N)-0.
A (1, N) = A (1, N)IZSTAR*ZSTAR1
IF (A(1, N) + GT. 0.) R (1, N) = 0.5 * A(1 ,N)*(SQRT (1 .+ 4./A(1 ,N)) - 1.)
IF (A(1, N). GT. 1..AND. R(1, N).EQ.0.) R(1, N) = 1.
RMAX (N)= R(1, N)
IF (KPRIN.EQ.1.AND. J.EQ.JTS) WRITE (6,240) NAMEL (N),

1 ZSTAR, ZSTAR1, KN, KGO, A (1,N)

GO TO 150
110 CONTINUE

DO 120 K = 1, KGO

Also, in SAHA, the logic to designate which ionization levels are of interest was
changed (see Appendix A, page A-1 18)

9



DO 190 Ni = 1, NEM
N = IELEM (M, NI)
KN = KMAX (N)
IF (KN.EQ.1) GO TO 190 I

Once the changes described above were implemented and debugged, an

attempt was made to calculate the response of TWCP. This attempt was initially met
with frustration because of the way the equation of state routines handle expanded
materials. In particular, if the ratio of specific heats of the vapor phase is substantially

5
different from 3 , an error results. Under such circumstances, the code would attempt
to converge to a negative temperature which was not allowed. Consequently, a
negative density would eventually be calculated for a zone and a math error would
result from the attempt to calculate the square root of a negative number. The

correction was to change the coding in EQST (see Appendix A, page A- 42) and PE

(see Appendix A, pages A-89 and A-90). In EQST the corrected coding is:

10 ALF = EQSTH (M) + (EQSTG (M) - EQSTH(M)) * SORT (ENU)

IF (ABS (ALF - EQSTH (M)) .LE. 1.E-3) GO TO 20 I
GO TO 30

20 W1 = 1.

GO TO 40
30 Wi = 2.* (EQSTG(M) - ALF)/(ALF - EQSTH (M)) I

W1 = (2. + Wl)/(1. + Wi)

40 W2=I.5*ALF*W1

10



The corrected coding in PE is similar to that in EQST:

50 ALF = EQSTH (M) + (EQSTG(M) - EQSTH (M)) * SORT (ENU)
IF (ABS (ALF - EQSTH (M)). GT. 1 .E-3) GO TO 60
W1 = 1.

GO TO 70
60 Wi = 2.* (EQSTG(M) - ALF)/(ALF-EQSTH(M))

W1 = (2. + Wl)/(1. + W1)
70 CONTINUE

With these changes HYPUF can now treat materials with any reasonable value for the
ratio of specific heats.

11



SECTION 4
RESTRUCTURING

In order to simplify the task of implementing a P - ax material response model or
the SESAME tabular equation of state, it was decided to revise the structure of
HYPUF. The structure of HYPUF at the beginning of this effort is shown in Figure 1.
The final structure adopted is shown in Figure 2. With either structure, the subroutine

GENRAT is called only once to set up the problem. If automatic zoning is requested,
GENRAT calls subroutine AZONE, and AZONE in turn calls subroutine FINDRZ.
GENRAT also calls subroutine FLOION to initialize the x-ray cross sections and
determine the initial deposition profile. Since HYPUF does not have the option of
using an arbitrarily specified deposition profile, FLOION is always called by GENRAT.
The rest of the subroutines are called repeatedly as the program works through the

solution to the equations. The names of the subroutines give a reasonable idea of
their function. It is noteworthy that subroutine EQST calls subroutine FLOION to
calculate the revised x-ray cross sections and determine radiation and thermal
transport through the materials. In addition, subroutine REZONE calls subroutine EDIT
only if the debug option is exercised.

In the restructured version of HYPUF, certain functions originally performed in

subroutines EQST and FLOION were broken out into separate subroutines.
Subroutines PT and PE were broken out of subroutine EQST in order to facilitate the
implementation of a P-a model. Subroutines SAHA, OPAGUE, and TRANSP were
broken out of subroutine FLOION in order to facilitate the implementation of the

SESAME or other tabular equation of state.

Subroutines PT and PE are used by EQST to solve for the new pressure and
temperature as a function of density and specific energy. Subroutine PT calls
subroutine PE to determine pressure and energy as a function of density and

temperature. Subroutine PT uses a Newton iteration with calls to PE using the latest
guess at the correct temperature until the temperature is found that corresponds to the
density and energy calculated by subroutine HYDRO. For each value of temperature
and density supplied by PT, subroutine PE returns the corresponding specific energy
and pressure. The final values of pressure and temperature are returned by
subroutine PT to EQST.

12



Given the values of density and temperature, subroutine EQST calls subroutine
FLOION to determine the transport of x-ray energy and heat. Subroutine FLOION now

calls subroutine SAHA to determine the degree of ionization in the material.

Subroutine SAHA uses the Saha equation iteratively to determine the degree of
ionization. FLOION then calls subroutine OPAGUE to determine the revised electron

structure in the atoms and the resulting corrections to x-ray cross section. FLOION
then calls subroutine TRANSP to determine the electron thermal conductivity and

Roseland mean opacity. This information is used to determine the transport of energy

through the materials of interest and the revised deposition profile.

With the changes described above, it should now be relatively easy to

implement a P-a model for distended materials and a tabular equation of state such as

SESAME. For distended materials, the P-a model would be added to subroutine
HYDRO. Subroutine HYDRO could then call subroutine PE iteratively to converge on

a new value of a (the distension parameter). This avoids the need for a double
iteration in the P-a (iteration on distension and iteration on temperature) which would

otherwise be required.

A tabular equation of state model could be used in place of subroutines SAHA,

OPAGUE and TRANSP if desired. Such a tabular equation of state could also be used

to replace the functions of subroutines PE and PT. Since an appropriate tabular

equation of state might not exist for all materials of interest, the use of the present

structure of HYPUF should make it possible to treat combinations of materials where

some materials would have a tabular equation of state and other materials need the

analytical equation of state.
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SECTION 5

RECOMMENDATIONS

In order to make HYPUF useful for calculating the stress wave response of solid

propellant booster materials, it is necessary to implement some type of P-a model for

distended materials. Several such models are available, the simplest P-x known to

the author is a tabular model developed by M. H. Rice of S-Cubed. The P-a model

used in PUFF74 was developed by ETI (now GRC). In addition, there are some more

elaborate models which have been developed by SRI International and implemented
in SRIPUFF8. As a first step, it seems most reasonable to implement as simple a P-x

model as possible in HYPUF. If subsequent experience demonstrates a need for a
more elaborate model for distended materials, the ETI model in PUFF74 or one of the

SRI models in SRIPUFF8 can be used.

There are situations in which the present analytical equation of state in HYPUF

is not adequate. In particular, the inability of the equation of state to properly treat the

behavior of liquids and the melting and vaporization phase transitions can produce

significant errors in the calculation of the stress wave response of material where a

large fraction of the material is melted. The simplest way to eliminate this difficulty is to
implement a tabular equation of state such as the SESAME package developed by

Los Alamos.

Recently, Dr. Judy Gates of APTEK (Reference 3), published a critique of the

ionization equation of state in HYPUF. In her analysis, Dr. Gates recommended the

use of the Plank mean opacities as well as the Rosseland mean opacities for

calculating radiation transport. Such a modification would be simplified by the use of

the SESAME equation of state since SESAME provides both the Plank and Rosseland

mean opacities. Therefore, we strongly recommend the implementation of the

SESAME equation of state in HYPUF.
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APPENDIX A
HYPUF SOURCE LISTING

*CONDECI BLANX
C BLANK COMMON
C

COMMON CS(201), V(201), E(201), P(201), S(201). SD(201), U(201),
IZMC2O1). TEMP(201), ZFM(201), X(201), Q(201). QO(201), YOZ(2O1),

2 DVC2O1). EI(201), ITER(201). F(201), FO(201), EADD(201). ZF(1O.20
:3 1), SS(201,:3), TEMPO(201), TKEEP(201), ET(201), P11(201), XFX(201)
4 , XFL(201)

C
COMMON AMU(6), CUSP1(6), CUSPA(6), CtUSPC(6), CUSPD(6). CUSPG(6).
1 CUSPS(6), EQSTC(6), EQSTD(6), EQSTS(6), EQSTE(G). EQSTG(6), EQSTl-q
2 (6), EQSTN(6), RIIO(6), PMIN(6). LGD)EL(6), YADD(6). YMU(6), YO(6.
3JBND(6), NELEM(6), IMW(6), IELEM(6,5), AF(6,1O), XAW(10), NOE(10)

4 ,NTBL(IO). XI(10,100), EN(1O,100), JEDIT(1O). JORG(1O), TEDIT(25
5 ),NZ(20), RZ(20), T(3), EE(), START(3), SSTOP(3). NBB(3). NH.NU(
6 3), ES(3,109), AAC1O,25), B(10,25), EDGEC10,25), NATOM(6), XCON(6
7)

C
COMMON CKS. CO, Cl, DTN, DTNH, IT, JCYCS, JFIN, JSMAX, JSMAXI,
1 JRZL, JSTAR, JTS. JZPUL, LINE, LOZHIZ, N, NJEDIT, IMTRLS, NPRIN,
2 NREZON, NRZ, NSPEC, NTAPE, NTEDT, PDTNEG, PDTPOS, SDURM, SK2M.
3SMAX, SSTOPM, TIME, TS, WTAPE. ILIN, ILOG, ICON, IDIF, ANGLE,

4 DTMIN, DIFTST, bTPRIM, IFLOW, JHAT, NCOUNT. NDEP, JPRIN, ION,
5 NDBG, TE

C
C CHARACTER STATEMENTS
C

CHARACTER *10 DISCPT, MATL, NAMEL
C

COMMONJ.CHARE/ DISCPT(8), MATL(6), NAMEL(10)
C
*COMDECK AA

COMMON /AA/ ITEL(96,6), ILTBLI(3), ILTBL2(3), ILTBL3(3), ILTBL4(l)
I , ILTBL5(3), ITABL(19), XNSTAR(14). TBL(109), SCALE(18), SCAX(15)
2 , JTABL(14)

C
'COMDECI AB

COMMON /AB! ICHCK
C
SCONDECI AC

COMMON /AC/ NOEC(10), EDGEC(10.20), EION(1O,100), SCRENO(1O,20).
1 11GRUP(19), NSUM(19), NSPDF(14), NVARM(6), NVARE(10), NI101(10,19),
2 EEB(10,15,14), NLEC(10.15), NSNIKC1O,8,14)

C
'COMDECK EQED

COMMON /EQED/ RERAD
C
*COMDECX EQFL

COMMON /EQFL/ ALF, ARG, ARGEXP, DEDT, DEDTP, DELRO, DESI, DFDT,
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1 DPDRO, DPDT, DPDTP. DTRC, DTRC1. DU, DXY1, DXY2, DXZ. EMU, ENU.
2 ENU2, ES1, ESlN. ESlO, EXPR, FXPC, IPLUS(1C), IPLUSO(1O), ITRY,
3 KGO. KMAX(10). EN, NEM, NI(8,10), R(8,10). SX2M1, TEMPJ, TREF, VI
4 , Vi. W2, XITMP, XLAMI(201), XLAK2(201). IMAX, EMAX1. XNiATOK. XIII
5 , XP, XTEV, XX. XXX, XY1. XY2, XZ, XZ2, ZF1(1O), ZSTAR, ZSTAR1.
6 Zi, Z2

C
tCOMDECX EQVP

COMMON /EQVP' AMU2(6), CH(6). EQSTA(6), GOKE(6), GOKE2(6). GOVERX(
1 201), JB(6), MFLAG(6), OMEGA(6), PRELAX(6), QU(201), SD2(201),
2 SHEARR(6), TRELAX(6), TRELX2(6), VAMU(201), YY(201), ZZ(201)

C
2COMDECX HYEQ

COMMON /HYEQ/ J'rRY
C
*COMDECK INDX

COMMON lINDX! I. ICOUNT, IGO, J, JCOUNT, J1, J2, K, KCOUIT, XPRIN,
1 L, LL, M, MCOUIT, NEEP, NC, NCIDIG, NTMP, NTMP1, Ni

C
COMDECK PEPT

COMMON /PEPT/ ARGTST, EH, FSAVE1, FSAVE2, FTMP, FTMP1, FTNEW,
1 FTNE1. PH, SAVE1, SAVE2, SAVE3, THAI, THIN, T1IEW, ELTP1. XLTP2,
2 XLTP3

C
C COMMON /PEPT/ IS DESIGNED TO FAKE OUT THE FTN5 COMPILER IN OPT-2
C MODE. THESE VARIABLES ARE NEEDED ONLY IN SUBROUTINES PE AND PT,
C BUT BY PLACING THEM IN A LABELLED COMMON WE FORCE THE COMPILER TO
C RETAIN THEIR VALUES AFTER LAST USE FOR REUSE IN SUBSEQUENT
C CALLS TO THE SUBROUTINE.
C
*COMDECK PLOTCH

COMMON /PLTCM/ DSTF(lO), MTLN(1O), PSMAX(201), PSMIN(201), PX(201)
1 , sQJ(lO)

C
COMMON /PLTCH/ MM(6)
CHARACTER *10 MM

C
*COMDECK RZCOM

COMMON /RZCOM/ RZC1, RZCO, RSCRIT
C
, COYDECK SPLLC
C S PALL VARIABLES
C

COMMON /SPLLC/ EM(6), IS, ISM, ISPALL, ISPLLM(6). JS, JTMAX, MS,
1 SJ, SM(50), THAI, TSPALL(201). 11(50), XS(50)

C
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*DECK HIRAD

PROGRAM HIRAD
C
*IF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H,O-Z)
*ENDIF
C
C *------------------------

C
C THIS COMPUTER PROGRAM CALCULATES THE HYDRO OR ELASTIC-PLASTIC
C MOTION OF UP TO SIX MATERIAL LAYERS. EACH MATERIAL MAY INCLUDE
C UP TO 5 ELEMENTS WITH THE TOTAL NUMBER OF ELEMENTS PER PROBLEM
C LIMITED TO 10.
C
C THE PROGRAM CAN ACCOMODATE UP TO 3 X-RAY SOURCES.
C
C THE X-RAY ABSORPTION CROSS-SECTIONS OF THE ELEMENTS MAY BE
C VARIABLE (DEPENDENT ON IONIZATION) IF DESIRED.
C
C IF THE CROSS-SECTION OF AN ELEMENT IS VARIABLE THE PROGRAM
C CALCULATES THE. NUMBER OF X-PY ABSORPTION EDGES THE ATOM
C HAS AND THE ENERGY OF THESE-.EDGES. IT ALSO CALCULATES THE
C IONIZATION POTENTIALS FOR ZERO TO COMPLETE IONIZATION AND THE
C IONIZATION ENERGY OF ALL THE POSSIBLE IONIZATION STATES. IF 10
C EQUALS 1, IT IS ASSUMED IN THESE CALCULATIONS THAT THE STABLE
C CONFIGURATION OF THE ELECTRONS REMAINING AT ANY IONIZATION
C STATE IS LIKE THAT OF A NEUTRAL ATOM CONTAINING AS MANY PROTONS
C AS THE ION HAS ELECTRONS. IF ION EQUALS ZERO, THE ELECTRON
C CONFIGURATION REMAINS LIKE THAT OF THE ORIGINAL NEUTRAL ATOM
C AND ELECTRONS ARE REMOVED FROM THE OUTSIDE SUB-SHELLS FIRST,
C WORKING INWARD AS IONIZATION PROGRESSES.
C
C EIGHT LEVELS OF IONIZATION (OR ALL POSSIBLE ONES IF Z IS LESS
C THAN 8) ARE ALLOWED IN THE IONIZATION CALCULATIONS.
C
C THE RELATIVE NUMBER OF PARTICLES IN THE LEVELS ARE DETERMINED
C BY THE IONIZATION POTENTIALS OF THE LEVELS.
C
C CONDUCTION MAY BE ALLOWED IN SOLID MATERIALS -- CONDUCTION AND
C DIFFUSION MAY BE ALLOWED IN VAPORIZED MATERIALS.
C
C THE EQUATION OF STATE SUBROUTINE OF THIS PROGRAM CALCULATES
C NEW TEMPERATURES BY MAKING SUCCESSIVE GUESSES AT ALL ACTIVE
C ZONE TEMPERATURES USING THE NEWTON METHOD.
C
C THIS PROGRAM HAS BEEN SUPPLIED WITH A LINE PRINTER PLOTTING
C ROUTINE WHICH OUTPUTS BOTH LOGARITHMIC AND LINEAR PLOTS WHEN
C AND IF DESIRED FOR EASY AND QUICK INTERPRETATION OF PROBLEM
C RESULTS.
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C
C DIAGNOSTIC PRINTOUTS OF IONIZATION CALCULATIONS, ENERGY
C FLUXES, AND DEPOSITION OF ENERGY IN THE ZONES IS EASILY
C CONTROLLED USING THE INPUT VARIABLES NPRIN AND JPRIN.
C
C EVEN THOUGH THE PUFF-66 CODE, FROM WHICH HIRAD WAS DERIVED. DID
C NOT CONFORM TO USASI FORTRAN PROGRAMMING STANDARDS, THE HIRAD
C CODE HAS BEEN MADE TO COMPLY WITH THESE STANDARDS. THIS HAS
C FORCED THE ELIMINATION OF SCRATCH TAPE 6, SINCE THIS TAPE IS US
C FOR PRINTED OUTPUT. SCRATCH TAPE 4 WAS ELIMINATED AT THE SAME
C TIME, SINCE THE EDITING PROGRAM USED FOR PUFF-66 WOULD NOT HAVE
C BEEN DIRECTLY APPLICABLE TO HIRAD, ANYWAY. IT IS FELT BY THE
C AUTHORS THAT THE EDITING CAPABILITIES INCORPORATED IN HIRAD ARE
C MORE A"AN SUFFICIENT TO INFORM THE USER OF PROBLEM RESULTS, THU
C MAKING TAPES 4 AND 6 NOT NECESSARY.
C
C S** * * * * * * * * *

C
C VARIABLES IN BLANK COMMON AND THEIR USAGE
C
C SUBSCRIPT -J- REFERS TO ZONE
C SUBSCRIPT -M- REFERS TO MATERIAL (EITHER COMPOUND OR ELEMENT)
C SUBSCRIPT -N- REFERS TO ELEMENT
C SUBSCRIPT -L- REFERS TO ENERGY SOURCE.
C SUBSCRIPT -NS- REFERS TO SPECTRUM
C
C ZONE VARIABLES
C
C CS(J) SOUND SPEED IN CM/SECOND
C V(J) SPECIFIC VOLUME IN CC/GRAM
C E(J) SPECIFIC ENERGY IN ERGS/GRAM
C P(J) PRESSURE IN DYNES/CM**2
C S(J) STRESS IN DYNES/CM**2
C SD(J) STRESS DEVIATOR IN DYNES/CM**2
C U(J) PARTICLE VELOCITY IN CM/SECOND
C ZM(J) ZONE MASS IN GRAMS/CM'*2
C TEMP(J) TEMPERATURE IN KELVIN DEGREES
C ZFM(W) IONIZATION IN MATERIAL
C X(J) ZONE BOUNDARY POSITION IN CM
C Q(J) ARTIFICIAL VISCOSITY FOR CURRENT TIME STEP IN
C DYNES/CM**2
C QO(J) ARTIFICIAL VISCOSITY FOR PREVIOUS TIME STEP
C YOZ(J) YIELD.STRENGTH OF MATERIAL IN DYNES/CM**2 (IN
C THIS ZONE)
C DV(J) CHANGE IN SPECIFIC VOLUME DURING CURRENT TIME
C STEP
C EI(J) ENERGY USED IN IONIZATION IN THIS ZONE
C ITER(J) A FLAG SET UP IN SUBROUTINE EQST TO INDICATE TO
C SUBROUTINE FLOION NO CALCULATION OF CONDUCTION
C OR DIFFUSION FLUX INTO THIS ZONE IF ITER EQUALS
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C ZERO, A CONDUCTION ONLY CALCULATION IF ITER
C EQUALS 1. A DIFFUSION ONLY CALCULATION IF ITER
C EQUALS 2. AND A DIFFUSION AND CONDUCTION
C CALCULATION IF ITER EQUALS 3.
C IF ITER EQUALS 4 NO ENERGY TRANSFER IS ALLOWED
C F(J) THE ENERGY FLUX INTO A ZONE IN ERGS/CM**2/SECOND
C DURING THE CURRENT TIME STEP
C FO(J) THE ENERGY FLUX CALCULATED DURING THE PREVIOUS
C CYCLE
C EADD(J) THE ENERGY ADDED TO THIS ZONE DURING THE
C CURRENT TIME STEP IN ERGS/GRAM
C ZF(NJ) THE IONIZATION IN ELEMENT N IN ZONE J DURING
C THE CURRENT TIME STEP
C SS(J,L) THE CURRENT VALUE OF THE ENERGY DEPOSITION
C RATE IF ERGS/GRAM/SECOND FOR ZONE J DUE TO
C SOURCE L
C XFX(J) X-RAY FLUX (CAL/SQ CM/SEC)
C XFL(J) X-RAY FLUENCE (CAL/SQ CM)
C
C MATERIAL VARIABLES
C
C AMU(M) THE SHEAR MODULUS OR MODULUS OF RIGIDITY
C YMU(M) THE COMPRESSION WHICH CORRESPONDS TO THE ELASTIC
C LIMIT, I.E. PLASTIC FLOW OCCURS BEYOND THIS
C COMPRESSION.
C YADD(M) THE INCREASE IN YIELD STRENGTH WHICH OCCURS
C DURING COMPRESSION FROM YMU(M) TO 0.2
C YO(M) THE ROOM TEMPERATURE ZERO COMPRESSION YIELD
C STRENGTH
C
C EQSTC(M) SOLID EQUATION OF STATE
C EQSTD(M) CONSTANTS USED IN THE EQST --
C EQSTS(M) P-(C*MU+DMU**2+S'MU "3)*(i.-G"MU/2.)+G*RHO*E
C EQSTG(M) WHERE MU - (RHO/RHOO)-1.
C
C CUSPI(M) THE VALUE OF THE PRESSURE AT WHICH AN INFLECTION
C OCCURS IN THE HUGONIOT DATA
C CUSPA(M) THE VALUE OF MU-(RHO/RHO)-l. AT WHICH THE
C INFLECTION OCCURS
C
C CUSPC(M) SOLID EQUATION OF STATE CONSTANTS USED AT
C CUSPD(M) COMPRESSIONS BEYOND THE INFLECTION POINT IN
C CUSPS(M) THE EQST -- P-(CUSP1+CUSPC*(MU-CUSPA)+CUSPD*
C CUSPG(M) (MU-CUSPA)*"2+CUSPS*(MU-CUSPA)*"3)*(1.-CUSPG*
C MU/2. )+CUSPG'RHO*E
C
C EQSTH(M) VAPOR PHASE EQUATION OF STATE CONSTANTS USED
C EQSTN(M) IN THE EQST -- P-RHO*(EQSTH+(EQSTG-EQSTH)*
C EQSTE(M) ETA**0.5)*(E-EQSTE"(l.-EXP(EQSTN/ETA*(l.-
C 1./ETA)))) WHERE ETA-RHO/RHOO AND EQSTE IS
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C SUBLIMATION ENERGY, EQSTH IS SPECIFIC HEAT
C RATIO - 1, EQSTN IS EQSTC/(EQSTG*EQSTE*RHO)
C 9

C MATL(M) THE. NAME OF THE MATERIAL
C RHO(M) THE ZERO-PRESSURE DENSITY
C NELEM(M) THE NUMGER OF ELEMENTS OCCURING IN THE MATERIAL
C NATOM(M) THE NUMBER OF ATOMS IN A MOLECULE OF THIS MATL.
C XMW(M) THE MOLECULAR WEIGHT OF THIS MATERIAL
C LGDEL(M) A MATERIAL CONSTANT USED IN CALCULATING THE
C CONDUCTIVITY AS -- CONDUCTIVITY-.27E-5/
C AVERAGEIONIZATION/LGDEL*TEPERATURE *2.5
C (ERGS/DEGREE /CM/SECOND)
C XCON(M) THE THERMAL CONDUCTIVITY OF THE NEUTRAL ATOMIC
C CONFIGURATION OF THIS MATERIAL
C PMIN(M) THE SMALLEST PRESSURE (LARGEST TENSION) ALLOWED
C IN A MATERIAL
C JBND(M) THE LAST ZONE IN A MATERIAL EXCEPT IF IT IS THE
C RIGHT MOST MATERIAL, WHEN JBND - 0
C IELEMCM,N) THE NUMBER DESIGNATION OF THE ELEMENTS (N)
C OCCURING IN MATERIAL M
C AF(M,N) THE ATOM FRACTION OF THE ELEMENTS IN THIS ATL.
C
C ELEMENT VARIABLES
C
C NAMEL(N) ELEMENT NAME
C XAW(N) ATOMIC WEIGHT
C NTBL(N) ATOMIC NUMBER
C NOE(N) NUMBER OF X-RAY ABSORPTION EDGES
C XI(N,100) THE IONIZATION POTENTIALS
C EN(N,100) IONIZATION ENERGIES
C
C AA(N,25) ELEMENT CONSTANTS USED IN CALCULATING X-RAY
C B(N,25) ABSORPTION -- ABSORPTION COEFFICIENT- AA*
C PHOTON ENERGY2 *B IF PHOTON ENERGY GREATER THAN
C EDGE.
C
C SOURCE VARIABLES
C
C NBB(NS) NUMBER OF SOURCES IN THIS SPECTRUM (AS MANY AS
C 3 BLACKBODIES OR ONE ARBITRARY SOURCE)
C T(L) THE BLACKBODY TEMPERATURE (-l. FOR ARBITRARY
C SOURCE)
C EE(L) THE STRENGTH (CAL/CM**2)
C NHNU(L) NUMBER OF ENERGY INTERVALS (SET TO ZERO FOR
C BLACKBODY)
C START(NS) TIME OF BEGINNING OF SHINE
C SSTOP(NS) TIME OF END OF SHINE
C ES(L,I) ENERGY REMAINING IN ENERGY INTERVAL I OF
C SPECTRUM NS OR BLACKBODY L (USED IN CALCULATION
C OF ENERGY DEPOSITION)
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C
C ZONING VARIABLES
C
C RZ(A) GEOMETRIC RATIO OF ZONE SIZES
C NZ(A) NUMBER OF THE LAST ZONE USING RATIO RZ(A)
C
C PROBLEM CONTROL, OUTPUT CONTROL, AND MISCELLANEOUS VARIABLES
C
C DISCPT PROBLEM DESCRIPTION
C JEDIT ZONE NUMBER WHERE LAGRANGIAN EDIT IS DESIRED
C JORG NOT USED
C TEDIT PROBLEM TIME IN SECONDS WHERE EDITS ARE DESIRED
C CKS WHEN PEAK PRESSURE REACHES THIS DEPTH, PROBLEM
C IS STOPPED.
C
C CO 1.8
C Cl 0.25
C USED IN CALCULATION OF ARTIFICIAL VISCOSITY --
C QNEW- (DU**2*CO*2-Cl*CS*DU)*RHO(AVE) WHERE
C RHO(AVE) - 0.5*(RHO(OLD)+RHO(NEW))
C
C DTN 0.5*(DTNH(OLD) +DTNH(NEW))
C DTNH CURRENT TIME STEP (SECONDS)
C IT VARIABLE USED TO CALL TIME EDITS
C JCYCS MAXIMUM NUMBER OF CYCLES IN PROBLEM
C JFIN ZONE BOUNDARY NUMBER OF LAST ZONE IN PROBLEM
C JSMAX THE NUMBER OF THE ZONE WITH THE LARGEST STRESS
C JSMAXI USED TO DETERMINE IF REZONE IS DESIRABLE
C JRZL ZONES COMBINED IF MORE THAN JRZL MEET
C QUALIFICATIONS
C JSTAR THE DEEPEST CURRENTLY ACTIVE ZONE
C JTS THE ZONE CONTROLLING THE TIME STEP
C JZPUL NUMBER OF ZONES DESIRED IN FRONT OF PRESSURE
C PULSE
C LINE NUMBER OF LINES PRINTED ON CURRENT OUTPUT
C RECORD -- USED TO CALL NEW PAGE.
C LOZHIZ A FLAG SET TO ONE FOR A TWO-PULSE PROGLEM
C N CURRENT HYDRO-CYCLE NUMBER
C NJEDIT NUMBER OF LAGRANGIAN EDITS
C NMTRLS NUMBER OF MATERIALS IN PROBLEM
C NPRIN EDITS ARE CALLED FOR EACH NPRIN HYDRO-CYCLES --
C ALSO, DIAGNOSTIC DATA IS PRINTED IF JPRIN-1
C NREZON REZONE CAN BE ENTERED ONLY ON MULTIPLES OF
C NREZON CYCLES
C NRZ THE ZONES IN THE DIVIDE AREA OF REZONE EXTEND TO
C JSMAX+NRZ
C NSPEC THE NUMBER OF SPECTRA IN THIS PROBLEM
C NTAPE DATA DUMPS ON TAPE OCCUR AT CYCLES WHICH ARE
C MULTIPLES OF NTAPE
C NTEDIT NUMBER OF TIME EDITS DESIRED
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C PDTNEG INTEGRATED NEGATIVE MOMENTUM (DYNE-SECOND/CM* *2)
C IN THE DEEPEST JEDIT ZONE
C PDTPOS INGEGRATED POSITIVE MOMENTUM IN DEEPEST JEDIT
C ZONE
C SDURM THE MINIMUM DURATION OF CURRENTLY ACTIVE SPECTRA
C -- USED IN CALCULATION OF MAXIMUM HYDRO TIME
C STEP ALLOWED
C SK2M MAXIMUM TIME STEP ALLOWED FOR STABILITY OF HYDRO
C MOTION
C SMAX MAXIMUM ABSOLUTE VALUE OF STRESS
C SSTOPM THE TIME AT WHICH ALL SOURCES HAVE STOPPED
C RADIATING
C TIME CURRENT PROBLEM TIME (SECONDS)
C TS INPUT STOP TIME FOR PROBLEM
C WTAPE A FLAG -- IF EQUAL 1, RESTART VARIABLES ARE
C WRITTEN ON TAPE
C ILIN IF 0. LINEAR PLOTS ARE MADE ON PRINTER EVERY
C NPRIN CYCLES
C ILOG IF ZERO, LOG PLOTS ARE MADE BY PRINTER EVERY
C NPRIN CYCLES
C ICON IF ZERO, CONDUCTIVITY IN SOLID MATERIALS IS
C ASSUMED
C IDIF IF ZERO, DIFFUSION OF ENERGY IN MATERIALS IS
C ASSUMED
C ANGLE THE ANGLE IN STERADIANS AT WHICH THE SOURCES
C RADIATE ON THE MATERIAL
C DTMIN AN INPUT VARIABLE WHICH DETERMINES THE
C ACCURACY TO WHICH TEMPERATURES MUST BE
C CALCULATED BY THE EQST ROUTINE
C DTPRIM THE SMALLEST TIME OVER ALL ZONES IN WHICH
C THE ENERGY WILL BE ALTERED BY 1 PERCENT, DUE
C TO ENERGY TRANSFER WITH ITS NEIGHBORING MESHES.
C IFLOW A FLAG TO INDICATE TO THE FLOION SUBROUTINE THAT
C CONDUCTION AND/OR DIFFUSION RATES SHOULD BE
C RE-CALCULATED THIS CYCLE
C JHAT THE DEEPEST ZONE AT WHICH IONIZATION
C NEEDS TO BE CALCULATED
C NCOUNT A COUNT OF THE TOTAL NUMBER OF GUESSES REQUIRED
C BY THE EQST SUBROUTINE (ONE GUESS INCLUDES A NEW
C TEMPERATURE IN EACH ACTIVE ZONE) TO FIND
C CORRECT TEMPERATURES
C NDEP AN INPUT CONSTANT - ENERGY DEPOSITION IN THE
C ZONES IS RECALCULATED EVERY NDEP CYCLES
C JPRIN AN INPUT CONSTANT - SET EQUAL TO 1, IT CALLS
C FOR DIAGNOSTIC PRINTOUT AT MULTIPLES OF NPRIN
C CYCLES. JPRIN CAN ALSO BE SET TO THE CYCLE
C NUMBER AT WHICH DELAYED DIAGNOSTIC PRINTOUT
C IS TO BEGIN. IF JPRIN IS SET TO A NUMBER
C GREATER THAN ONE, DIAGNOSTIC OUTPUT FROM
C SUBROUTINE GENRAT IS PRINTED OUT AND THEN

A- 8



HYPUF SOURCE LISTING

C ONLY THE DIAGNOSTICS FOR NCYCL GREATER THAN
C JPRIN
C
C ION AN INPUT CONSTANT - SET EQUAL TO 1 IT CALLS FOR
C ELECTRON RE-ARRANGEMENT DURING IONIZATION.
C LEFT EQUAL TO ZERO ELECTRONS ARE REMOVED FROM
C OUTSIDE SUB-SHELLS WITH NO RE-ARRANGEMENT OF
C INNER SHELLS.
C
C VARIABLES IN COMMON BLOCK /AA/
C
C ITBL(Z,6) THESE SIX TABLES ARE USED TO FIND THE NORMAL
C ILTBLI(3) ELECTRON STRUCTURE OF THE ELEMENTS THROUGH
C ILTBL2(3) Z-96. ITAB(Z,6) CONTAINS THE NUMBER OF
C ILTBL3(3) ELECTRONS IN THE LAST I TO 6 SUB-SHELL GROUPS -
C ILTBL4(1) S, P, D, AND F. ILTBLl THROUGH ILTBL5 CONTAIN
C ILTBL5(3) THE NUMBER OF ELECTRONS IN THE 1 TO 13 SUB-SHELL
C GROUPS.
C
C ITABL(19) THE 19 POSSIBLE SUB-SHELL GROUPS ARE COMPACTED
C JTABL(14) INTO 14 GROUPS IF THE S AND P SUB-SHELLS ARE
C COMBINED FOR CONVENIENCE IN CALCULATING
C SCREENING CONSTANTS AND ATOM OR ION ENERGIES.
C ITABL GIVES THE GROUP NUMBER IN THE COMPACTED
C GROUP (1 TO 14) INTO WHICH EACH OF THE
C SUB-SHELLS (1 TO 19) FITS. JTABL GIVES THE
C HIGHEST NUMBER OF THE 1 TO 19 SUB-SHELL GROUPS
C INTO WHICH EACH OF THE COMPACTED GROUPS FITS.
C
C XNSTAR(14) THE QUANTUM SHELL NUMBER OF EACH OF THE
C COMPACTED GROUPS
C TBL(109) THE 99 ENERGIES AT WHICH EACH OF THE FIRST 99
C 1 PERCENT INTERVALS OF ENERGY ARE CENTERED, AND
C THE 10 ENERGIES AT WHICH THE LAST 10 0.1 PERCENT
C INTERVALS OF ENERGY ARE CENTERED.
C SCALE(18) THE 18 SCALES AT WHICH LINEAR PRINTER PLOTS ARE
C MADE BY THE EDIT SUB-ROUTINE.
C SCAX(15) THE 15 DISTANCE SCALES (EACH DIVIDED INTO 100
C INTERVALS) USED FOR LINEAR PLOTTING IN EDIT.
C
C COMMON BLOCK /AB/
C
C ICHCK A FLAG SET UP IN GENRAT OR IN EQST TO INDICATE
C TO FLOION TO CALCULATE ZONE IONIZATION AND
C ENERGY TRANSFER IF ICHCK EQUALS 1, ZONE
C IONIZATION AND ENERGY DEPOSITION IF ICHCK
C EQUALS ZERO.
C
C COMMON BLOCK /AC/
C
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C NOEC(N) THE NUMBER OF X-RAY ABSORPTION EDGES CALCULATED
C BY THE CODE TO EXIST FOR ELEMENT N -- THERE IS
C ONE FOR EACH OF THE S, P, D, AND F SUB-GROUPS
C IN THE ELEMENT.
C EDGEC(N,20) THE ENERGY CALCULATED BY THE *CODE AT WHICH THE
C ABSORPTION EDGE OCCURS. 0
C EION(N,100) THE ENERGY OF ELEMENT N IONS WHEN 1 THROUGH ALL
C ELECTRONS ARE REMOVED FROM THE ATOM.
C SCRENO(N,20) THE SCREENING CONSTANTS ASSOCIATED WITH THE
C NORMAL SUB-SHELL GROUPS FOR THE NORMAL ATOM
C OF ELEMENT N.
C NGRUP(19) THE NUMBER OF ELECTRONS IN THE SUB-SHELL GROUPS.
C NSUM(19) THE NUMBER OF ELECTRONS SUMMED FROM THE FIRST
C SUB-SHELL
C NSPDF(14) THE NUMBER OF ELECTRONS IN THE COMPACTED
C SUB-SHELL GROUPS
C NVARM(M) AN INPUT VARIABLE -- 1 DENOTES THAT ALL ELEMENTS
C IN THIS MATERIAL HAVE CONSTANT -COLD- ABSORPTION
C CROSS SECTIONS -- 0 DENOTES THAT THE ELEMENTS
C MAY HAVE VARIABLE CROSS SECTIONS.
C NVARE(N) IF THE MATERIAL IN WHICH THE ELEMENT OCCURS HAS
C NVARM - 0, AND NVARE - 1, THEN CROSS SECTION IS
C CONSTANT AND COLD, BUT IF NVARE - 0, THE CROSS
C SECTION IN THIS ELEMENT IS VARIABLE AND
C DEPENDENT ON IONIZATION IN THIS ELEMENT.
C NION(N,19) THE NUMBER OF ELECTRONS IN THE 19 SUB-SHELL
C GROUPS OF THE NORMAL ATOM OF THIS ELEMENT
C
C COMMON BLOCK /EQVP/
C
C VARIABLES USED FOR ELASTIC-VISCOPLASTIC AND GEOMETRIC DISPERSIO
C MODELS.
C
C AMU2(6) EFFECTIVE SHEAR MODULUS FOR THE MAXWELL GEOMETRIC
C DISPERSION MODEL. USED WITH THE SECOND STRESS DEVIATOR
C WHICH MODELS THE RATE DEPENDENT STRESS CONTRIBUTION.
C INPUT VARIABLE.
C
C CH(6) CALCULATED IN GENRAT. EQUAL TO THE SOUND SPEED IN THE
C MATERIAL AT SOLID DENSITY.
C
C EQSTA(6) PARAMETER "A" IN THE DISPERSIVE MATERIAL MODEL FOR
C VISCOPLASTIC EFMAVIOR. INPUT VALUE.
C
C GOKE(W) CALCULATED IN GENRAT. SHEAR MODULUS (AMU) DIVIDED BY
C EQSTC
C
C GOKE2(6) CALCULATED IN GENRAT. AMU2 DIVIDED BY EQSTC.
C
C GOVERK(201) INITIALIZED IN GENRAT AND REDEFINED IN HYDRO.
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C PLASTIC SHEAR STRAIN.
C
C MFLAG(6) FLAG USED IN HYDRO TO ACTIVAE THE MAXWELL GEOMETRIC
C DISPERSION MODEL. INPUT VALUE.
C
C OMEGA(6) PARAMETER "W" IN THE MAXWELL GEOMETRIC DISPERSION MODEL.
C INPUT VALUE.
C
C JB(6) INDEX OF LEFT-HAND BOUNDARY OF FIRST ZONE TREATED AS
C DISPERSIVE IN EACH DISPERSIVE MATERIAL. CALCULATED
C AND USED IN HYDRO. ALSO USED IN EQST.
C
C PRELAX(6) RELAXATION STRESS USED IN VISCOPLASTIC MODEL. INPUT
C VALUE.
C
C QU(201) USED IN CALCULATION OF ARTIFICIAL VISCOSITY OF
C DISPERSIVE MATERIALS.
C
C SD2(201) SECOND STRESS DEVIATOR USED IN MAXWELL GEOMETRIC
C DISPERSION MODEL. CALCULATED AND USED IN HYDRO.
C
C SHEARR(6) COEFFICIENT USED IN THE VARIABLE SHEAR MODULUS MODEL
C ON THE UNLOADING PATH. INPUT VALUE (SIMILAR TO
C BURGER' S VECTOR)
C
C TRELAX(6) CHARACTERISTIC RELAXATION TIME FOR VISCOPLASTIC MODEL.
C INPUT VALUE.
C
C TRELX2(6) RELAXATION TIME FOR THE MAXWELL GEOMETRIC DISPERSION
C MODEL. INPUT VALUE.
C
C TY(201) USED IN CALCULATION OF SD2 FOR DISPERSIVE MATERIALS.
C
C ZZ(201) USED IN CALCULATION OF SD2 FOR DISPERSIVE MATERIALS.
C
C COMMON BLOCK /SPLLC/
C
C VARIABLES USED TO CALCULATE FRACTURE
C
C EM MELT ENERGY OF THE MATERIAL. INPUT QUANTITY.
C IS FLAG TO INDICATE IF A NEW SPALL HAS OCCURED
C THIS TIME STEP.
C ism NUMBER OF SPALLS OCCURRING THIS TIME STEP.
C ISPALL FLAG TO INDICATE WHETHER FRACTURE IS TAKING
C PLACE. ZONES ARE BEING RECOMBINED, OR NOTHING
C TAKING PLACE AT ALL.
C ISPLLM FLAG TO INDICATE WHICH FRACTURE MODEL IS BEING
C USED FOR THE MATERIAL. INPUT QUANTITY.
C - 1: STRESS MODEL (BASED ON TENSILE STRESS)
C - 2: STRAIN MODEL (BASED ON BULK TENSILE
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C STRAIN)
C - 3-10: RESERVED FOR MODELS YET TO BE INCLUI
C JS INDEX OF ZONE BEING SPALLED
C MS INDEX OF SPALL BOUNDARY
C SJ CALCULATED QUANTITY TO BE COMPARED WITH TSPALL
C TO DETERMINE IF SPALL HAS OCCURED
C SM MOMENTUM OF THE SPALLED MATERIAL
C TSPALL SPALL STRENGTH OF A ZONE BASED ON PMIN FOR THE
C MATERIAL IN THE SLID STATE AND WHETHER THE ZONE
C IS SOLID, LIQUID, GAS, OR PREVIOUSLY SPALLED.
C PMIN IS THE INPUT QUANTITY THAT INDICATES SPALL
C STRENGTH OF THE SOLID MATERIAL AND ITS VALUE IS
C BASED ON THE SPALL MODEL FOR THE MATERIAL.
C XS POSITION OF THE RIGHT HAND BOUNDARY OF THE
C SPALLED MATERIAL
C US VELOCITY OF THE RIGHT HAND BOUNDARY OF THE
C SPALLED MATERIAL
C
C
C
C IMPORTANT VARIABLES LOCAL TO THIS ROUTINE
C
C TR THE TIME AT WHICH ENERGY TRANSFER RATES SHOULD
C BE RECALCULATED BASED ON CHANGE
C OF ENERGY IN MESH (SEE TRPRIM)
C TRPRIM THE TIME AT WHICH THE ENERGY OF A ZONE WILL HAVE
C BEEN ALTERED BY 20 PERCENT DUE TO ENERGY
C TRANSFER ALONE
CC *........* * * * * * *_ *__ __ S _ * *_

C
*CALL BLANK
*CALL AA
*CALL AB
*CALL AC
*CALL EQED
*CALL EQFL
*CALL EQVP
*CALL HYEQ
*CALL PLOTCM

*CALL RZCOM
*CALL SPLLC

REAL LGDEL
C

CHARACTER *10 ZZCTRL
DIMENSION ZZCTRL(40)
DIMENSION ZIP(11366)
EQUIVALENCE (ZIP(l),CS(1))

C
C OPEN STATEMENTS FOR FORTRAN77

A- 12



HYPUF SOURCE LISTING

OPEN (UNIT-i .ACCESS- 'SEQUENTIAL' ,FORM- 'UNFORMATTED)',STATUS- 'SCP,

OPEN (UNIT-a ,ACCESS- 'SEQUENTIAL' ,FORM- 'UNFORMATTED' ,STATUS- 'NEW')
OPEN (UNIT-3.STATrUS='NEW')
OPEN (UNIT-5.STATUS-'OLD')
OPEN (UNIT-6,STA'rUS-'NEW')
OPEN (UNIT-7,STATUS-'NEW')
OPEN (UNIT-8,STATUS='NEW')
OPEN (UNIT-9,STATUS-'NEW')
OPEN (UNIT-10,ACCESS-' SEQUENTIAL' ,FORM-'UNFORMATTE ' ,STATUSw'NEW')

C
C ZEROES COMMON
C

DO 10 J-1,11366
10 ZIP(J)-O.

*IF DEF,B64
CALL REMARK ('SSWITCH 1 WILL CAUSE PROGRAM TERMINATION')

* ENDIF
CALL GENRAT
N-i
TR-SSTOPM

20 SDURM-SSTOPM
JTRY- 1

30 CALL HYDRO
CALL EQST

C
C NOW CHECK FOR SPALL
C

CALL SPALL
GO TO (40,30), JrRY
CALL GOTOER

C
C STOP PARAMETERS
C

40 CONTINUE
C WRITE (10) TIME,(XFX(J).,J-1,JFIN)
*IF DEF,E64
C
C CHECK TO SEE IF SSWITCH 1 IS SET. IF SO, EXIT.
C

CALL SSWTCH (1,J)
IF (J.EQ.1) GO TO 90

*ENDIF
IF (TIME.LE.SSTOPM) GO TO 110
IF (SMAX) 50,100,50

50 IF (TIME-TS) 60,90,90
60 IF (N-JCYCS) 70,90,90
70 IF (X(JSMAX)-CKS) 80,90,90
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80 CONTINUE
*IF DEF,B64

CALL SSWTCH (2,J)
IF (J.EQ.2) GO TO 110
WRITE (6,360) N

*ENDIF

*IF DEF,B32

GO TO 110
*ENDIF

90 WTAPE-1.
CALL EDIT

C WRITE (6,330) (XFL(J),J-1,JFIN)
IF (NJEDIT.NE.0) CALL PLOT
STOP

100 WRITE (6,350) N
GO TO 90

C
C EDIT CONTROLS
C

110 CONTINUE
IF (NJEDIT.NE.0) WRITE (8,330) TIME,(S(JEDIT(J)),J-1,NJEDIT)
IF (JPRIN.EQ.1) GO TO 130
IF (MOD(N,NTAPE)) 140,120,140

120 WTAPE-0.
130 CONTINUE

IF (JPRIN.EQ.1) WTAPE-1.
*IF DEF,B64

ENCODE (40,370,ZZCTRL) N,TIME,DTNH
C CA.,LING OF REMARK PUTS A LINE OF OUTPUT DATA ON THE MACHINE CONSOL
C S THAT ONE MAY FOLLOW THE PROGRESS OF THE CALCULATION DURING
C RUNNING OF THE PROBLEM IF DESIRED
C

CALL REMARK (ZZCTRL)
*ENDIF

CALL EDIT
GO TO 160

140 IF (MOD(N,NPRIN)) 160,150,160
150 WTAPE-0.

GO TO 130
C

160 CONTINUE
C
C NOW CHECK FOR REZONE
C

IF (MOD(N,NREZON)) 180,170,180
170 IF (TIME.GE.SSTOPM) CALL REZONE
180 CONTINUE

C
C TIME STEP CALCULATION
C
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C NEW TIME STEP (DTNH) IS THE MINIMUM OF THE STABLE HYDRO TIME
C (SK2M), 1.1 TIMES THE OLD TIME STEP, AND THE STABLE TIME FOR
C ENERGY TRANSFER FRO14 ZONE TO ZONE.
C
*IF DEF,B64

IF (NTEDT.EQ.0) SK2MmAMIN1(0.9/SK2M,1.1*DTNH)
IF (NTEDT.EQ.1) SK2M-AMIN(0.9/S12M,1.1*DTNKP)

* ENDI F
*IF DEF,B32

IF (NTEDT.EQ.0) SK2M-DMIN1(O.9/SK2M,1.1'DTNH)
IF (NTEDT.EQ.1) SK2M-DMIN1(0.9/SK2M,1.1*DTNKP)

* ENDI F
IF (SSTOPM-TIME) 200,200,190

190 CONTINUE
*IF DEF,B64

SK2M-AMIN1(0 .01 *SDUPJ,SXM)
*ENDIF
*IF DEF,B32

SK2M-DMIN1(O .01*SDURI,SK2M)
* END IF
200 DTN-DTNE

DTNH-SK2M
IF (IFLOW.EQ.O) GO TO 220
IF (DTNH-DTPRIM/2.) 210,220,220

210 IFLOW-O
IF (TIME.LT.SSTOPM) IFLOW-1

*IF DEF.B64
TR-TIME+AMIN1 (DTPRIM, 5.* sNH)

*ENDIF
*IF DEF,B32

TR-TIME+DMIN1 (DTPRIM, 5.*TH
*ENDIF

C
C TR IS THE TIME AT WHICH THE ENERGY IN SOME ZONE WILL HAVE
C BEEN ALTERED BY 5 PERCENT DUE TO ENERGY TRANSFER -- LIMIT
C THE TIME FOR RECLACULATION OF ENERGY TRANSFER RATES TO THIS
C TIME OR LESS.
C
C TIME EDIT
C

220 IF (NTEDT) 260,260,230
230 WTAPE-1.

CALL EDIT
IT-IT+1
IF (IT-26) 250,240,250

240 IT-i
TEDIT(l1)-0.

250 NTEDT-0
260 IF (TEDITCIT)) 290,290,270
270 IF (T&IME+DTNH-TEDIT( IT)) 290,280,280
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280 DTNKP-DTNH
DTNH-TEDIT( IT)-TIME
NTEDT-1

C
C ADVANCE PROBLEM TIME
C

290 TIME-TIME+DTNH
DTN-DTN+DTNH
DO 300 J-2,JFIN

300 XFL(J)-XFL(J)+DTNH*ZFX(J)
IF (IDIF.NE.0.AND.ICON.NE.0) GO TO 310

C
C IFLOW EQUALS ZERO IS A CALL FOR RECALCULATION OF ENERGY
C TRANSFER RATES.
C

IF (TIME.GT.TR) IFLOW-1
C
C ADVANCE CYCLE NUMBER
C

310 N-N+l
IF (N.GE.NDBG) JPRIN-1
IF (DTNH) 3Z20,320,20

320 WRITE (6,340) N
STOP

C
330 FORMAT (3X,1P11EI2.4/)
340 FORMAT (//,2X,15HDTNH-O AT CYCLE,15)
350 FORMAT (//,2X,15HSMAX-0 AT CYCLE,15)
360 FORMAT (31H SENSE SWITCH 2 IS ON AT CYCLE ,I10)
370 FORMAT (6HCYCLE-,15,lX,2HT-,E11.3,lX,3HDT-,E11 .3)

END
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*DECK AZONE
SUBROUTINE AZONE (DX.NRZC)

*IF DEF,B32
IMPLICIT DOUBLEPRECISION(A-HO-Z)

*ENDIF

C
*CALL BLANK
*CALL PLOTCM

DIMENSION A(20), C(20), D(20)
C
C THE VALUE OF NRZC INDICATES WHETHER THIS IS AN INITIAL ZONING
C ESTIMATE OR A REVISED ZONING CALCULATION
C

IF (NRZC.LT.O) GO TO 50
C
C THIS IS OUR INITIAL ESTIMATE. NRZC IS ZERO AND RZ IS THE
C THICKNESS OF EACH MATERIAL LAYER IN CM. FIRST WE STORE THE
C MATERIAL LAYER SIZES AND MASSES FOR LATER USE.
C

DX-O.
DO 10 I-1,NMTRLS
A(I)-O.
D(I)-RHO(I)*RZ(I)
C(I)-RZ(I)
J-I-1
IF (I.GE.2) C(I)-C(I)+C(J)

10 CONTINUE
IF (NJEDIT.LE.O) GO TO 30
DO 20 I-1,NJEDIT
ti-MTLN( I)
K-J-i
JEDIT( I)-I
A( I ) -DSTF ( I ) *C(J)
IF (J.EQ.1) GO TO 20
A(I)mC(K)+DSTF( I)(C(J)-C(K))

20 CONTINUE
C

WRITE (6,170) (JEDIT(I),A(I),I-1,NJEDIT)
C

30 CONTINUE
C
C D IS NOW THE TOTAL MASS IN EACH MATERIAL LAYER AND C(NHTRLS)
C IS THE TOTAL THICKNESS OF THE PROBLEM.
C

N=150/NMTRLS
M-N-1
DX-1 .E-5
DO 40 I-1,NMTRLS
IF (D(I).LE.O.) STOP 2
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NRZC-NRZC+N
JBND( I )-NRZC+1
J-2*I
K-J-1
NZ(K)-JBND(I)
NZ(J)=JBND(I)+l
Dl ,DX
D2-D(I)
CALL FINDRZ (Dl,D2,N,RZ1)
RZ(K),RZI
D2-DX*RZI*SM
L-I+1
IF (I.EQ.NIMTRLS) L-I
RZ(J),DX*RHO(L)/(D2*RHO(I))
IF (JPRIN.EQ.1) WRITE (6,180) I,KNZ(K),RZ(K),V(K),ZM(K)

C
40 CONTINUE

C
NRZC-O
JFIN-JBND(NMTRLS)

C
C WE HAVE COMPLETED OUR FIRST GUESS AT THE ZONING. WE NOW REDEFINE
C DX TO BE THE FIRST ZONE SIZE DIVIDED BY ZONE RATIO RATHER THAN
C ZONE MASS.
C

DX-DX/RHO( 1)/RZ( 1)
RETURN

50 CONTINUE
C
C THIS IS OUR SECOND AND FINAL CALCULATION OF THE ZONING. DX HAS
C BEEN REDEFINED AS THE DISTANCE THE STRESS WAVE WILL PROPOGATE
C DURING THE SHINE TIME
C

Ni
Di-0.
D2-0.
DO 70 I-1,NMTRLS
D2mD2+D( I)
IF (DX.LT.C(I)) GO TO 60
D1 -D+D(I)
GO TO 70

60 CONTINUE
IF (N.EQ.1) Dl-Dl+D(I)+(DX-C(I))*RHO(I)
NuN

70 CONTINUE
C
C WE HAVE TEMPORARILY DEFINED Dl AS THE MASS THROUGH WHICH WE
C EXPECT THE SHOCK TO PROPOGATE DURING SHINE TIME. WE HAVE ALSO
C TEMPORARILY DEFINED D2 AS THE TOTAL MASS OF THE PROBLEM. WE
C NOW WISH TO REZONE THE PROBLEM WITH 50 EQUAL MASS ZONES FOR THE
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C REGION THROUGH WHICH THE SHOCK WILL PROPOGATE DURING SHINE TIME
C AND 100 ZONES FOR THE 4EST OF THE PROBLEM. HOWEVER, IF THE
C SHOCK IS EXPECTED TO PROPOGATE TOO FAR, THEN WE WILL SIMPLY
C LEAVE THE ZONING AS IT WAS IN OUR FIRST GUESS.
C

IF (NMTRLs.EQ.1) C(2)-C(1)
V(1)-X(2)
K-1
IF (DX.GE.C(2))'GO TO 130
D3-D2-Dl
D4-.02*D1
D5-.01*D3

C
C NOW WE PLAN TO DEFINE NZ AS THE HIGHEST ZONE NUMBER IN A REGION,
C RZ AS THE ZONE SIZE RATIO FOR THAT REGION, AND V AS THE
C CORRESPONDING ZONE THICKNESSES IN THAT REGION.
C

J-1
K-O
DO 120 I-1,NMTRLS
IMI-1-1
IF (DX.GT.C(I)) GO TO 110

C
C DX IS .LE. C(I). NEED TO SEE IF I .EQ. 1
C

IF (I.GE.2) GO TO 90
C
C NOW WE KNOW THAT DX .LE. C(1)
C

K-K+1
NZ(K)-51
V(K)-.02*DX
ZM(K)-D4
RZ(K)-l.
IF (JPRIN.EQ.1) WRITE (6,180) I,K,NZ(K),RZ(K),V(K),ZM(K)
IF (DX.EQ.C(I)) GO TO 80

C
C HERE DX .LT. C(1) .AND. DX .NE. C(1)
C

N-K
K-K+l
ZM(K)-(C( I)-DX) *RHO( I )+ZM(N)
NRZC-ZM(K)/D5
NRZC-MAXO(NRZC,20)
NZ(K)-NZ(N)+NRZC
D1-D4
D2-ZM(K)
M-NRZC+1
CALL FINDRZ (DI,D2,M,RZ1)
RZ(K)-RZI
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M-NRZC
D2-Dl*RZ1**M
Zn (K) -D2
V (K) -D2 /RHO (I)
IF (JPRIN.EQ.1) WRITE (6,180) IK,NZ(K),RZ(K),V(K),ZN('K)
JBND(I)-NZ(1C)
GO TO 120

80 CONTINUE
C
C HERE DX .EQ. C(l)
C

JBND(I)MNZ(K)
GO TO 120

90 CONTINUE
C
C NOW WE HAVE CCI.) .LT. DX .LT. C(2)
C

N-K
K-K+1
V(K)-DX-C( IMl)
IF (V(K).LE.O.) GO TO 100

C
C NOW WE ARE IN THE REGION BETWEEN CCI.) AND DX.
C

ZM(K)-V(K) *RjO( I)
NRZCnZM(K) /D4
V(K)mV(X) /NRZC
ZM(K)-V(K) *RHO(I)
Dl-ZM( K)
RZ(CK) -V(K) / V(N)
NZ(K)-1+NZ(N)
IF (JPRIN.EQ.l) WRITE (6,180) 1,K,NZ(K),RZ(K),V(K),ZM(K)
N-K
K-K-el
RZ(K)-l.
NZ(K)-NZ(N)+NRZC-1
zII(K)-Dl
V(K)-Dl/RHO( I)
IF (JPRIN.EQ.1) WRITE (6,180) I,K,NZ(K),RZ(K),V(K),ZM(K)

C
C NOW WE ARE IN THE REGION BETWEEN DX AND C(2)
C

N-K
K=K-el
VCK)nC(I) -DX
ZM(X)-V(K) sRHO( I)+Dl
NRZC-ZM(K) /D5
NRZC-MAXO(NRZC .20)
D2-ZM(K)
M-NRZC+l
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CALL FINDRZ (DI ,D2,M,RZI)
M-NRZC
RZ(K)-RZI
D2=Dl*RZ1**N
NZCK)-NZ(N).NRZC
ZM(CK) -D2
V(K)-D2/RIO(z)
JBND( I)-NZ(K)
IF (JPRIN.EQ.1) WRITE (6,180) I,K,NZ(K).RZ(K),V(K),ZM(K)
GO TO 120

100 CONTINUE
C
C NOW WE ARE IN THE SITUATION WHERE DX .LT. C(1H1). THEREFORE
C WE SIMPLY ZONE FOR CONSTANT ZONE MASS RATIO.
C

Dl-ZM(N)
D2-D( I )D1
NRZC-D2/ID5
NRZC-MAXO(NRZC .20)
NZ(K)-NZ(N).1
RZ(K)-RHO( IM ) /RHO( I)
V(K)-Dl/RHO(I)
IF (JPRIN.EQ.1) WRITE (6,180) I,K,NZ(K),RZ(K),V(K),ZM(K)
N-K
K-K+1
M-NRZC
CALL FINDRZ (Dl ,D2,M,RZ1)
M-NR-ZC- 1
D2mD1 *RZ1* SM
NZ(K)-NZ(N)+M-1
RZ(K)-RZ1
RZ(N)mRZ(N)*RZ1
V(N)-RZ1*V(N)
ZM(N)-RZ1 *ZM(N)
IF (JPRIN.EQ.1) WRITE (6,180) I,N,NZ(N),RZ(N),V(N),ZM(N)
ZM(K)-D2
V(K)-D2/RHO( I)
IF (JPRIN.EQ.1) WRITE (6,180) I,K,NZ(K),RZ(K),V(K),ZM(K)
JBND( I)-NZ(X)
GO TO 120

110 CONTINUE
C
C WE ARE IN THE FIRST MATERIAL REGION AND C(1) .LT. DX.
C

K-K+1
ZM(K)-D(I)
NRZC-ZM(K) /D4
NZ(K)-NRZC+l
RZ(K)-1.
ZM (K) -ZN(K) /NRZC
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V(K)-ZH(K)IRHO( I)
IF (JPRIN.EQ.1) WRITE (6.180) I,K.NZ(K),RZCK),V(K),zHCK)
JBND( I)-NZ(K)

120 CONTINUE
C
C WE HAVE NOW FINISHED CALCULATING NZ AND RZ. ALL WE NEED TO DO IS
C SET DX - V(l) AND THEN ZERO OUT THE I, V, AND U ARRAYS. FINALLY.
C WE RESET NRZC - - K AS A FLAG TO SHOW WE HAVE FINISHED OUR
C CALCULATION OF ZONE SIZES.
C

X (2)-V Cl)
130 CONTINUE

DX-XCZ)
DI-DX/REC 1)
JFIN-NZ(K)
in 1
K-i
X( 1)-a.
DO 150 I-2,JFIN
1311-I-1
V (I) -.
ZI'(I)-O.
IF CI.GT.NZCK)) K-K+1
D1-D1 *RZ(K)
X(I)-XI li)+D1
IF (J.GT.NJEDIT) GO TO 150

140 CONTINUE
IF CXCI) .LT.ACJ)) GO TO 150
JEDIT(J)-I
JuJ+1
IF (J.LE.NJEDIT) GO TO 140

150 CONTINUE
IF (NJEDIT.EQ.0) GO TO 160
WRITE (6,170) (JEDIT(l),X(JEDIT(I)),I-1,NJEDIT)

160 CONTINUE
V(1)-0.
ZM(1)-0.
NRZC- -K
RETURN

C
C** THIS PROGRAM VALID ON FTN4 AND FTN5 S

C
170 FORMAT (20H0 JEDIT, X(JEDIT) -,5(I5.lPE12.4)/)
180 FORMAT (1HO,3HI -,13,5X,3HK -,I3,5X,4HNZ -,14,5X,4HRZ m,lPE15.7.5X

1 ,3HV -,1PE15.7,5X,4HZM u,1PE15.7/)
END
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* DECK BLXDAT
BLOCK DATA

*~IF DEF,B32
IMPLICIT DOUBLEPRECISION(A-.H,o-Z)

*ENDIF
C
* CALL AA
*CALL AB
*CALL AC
*CALL EQED
*CALL EQFL
*CALL EQVP
*CALL INDX
*CALL SPLLC

DATA ITBLC1,l), ITBL(1,2), ITBL(1,3), ITBLC1.,4). ITEL(1,5), ITBL(l
1 .6) /1,0O0o0o0/
DATA ITEL(2,1), ITBL(2,2), ITBLC2,3), ITBL(2,4), ITBL(2.5). ITBL(2
1 .6) /2,0,0,0,0,0/
DATA ITBLC3,1), ITBL(3,2), ITBL(3,3), ITBL(3,4). ITBL(3.5), ITBL(3
1 ,6) /2.1,0,0,0,0/
DATA ITBL(4,l), ITBL(4,2), IThL(4,3), ITBL(4,4), ITBLC4,5), ITBL(4
1 .6) /2,2,0,0,0,0/
DATA ITBL(5,1), ITBLC5.2), ITBL(5,3), ITBL(5,4), ITBL(5.5), ITBL(5
1 .6) /2,2,1,0,0,0/
DATA ITBL(6,1), ITBL(6,2), ITBL(6,3), ITBL(6,4), ITBL(6,5), ITBL(6
1 .6) /2,2,2,0,0,0/
DATA ITBL(7,l), ITBL(7,2), ITBL-(7,3), ITBL(7,4), ITBL(7.5), ITBL(7
1 .6) /2,2,3,0,0,0/
DATA ITBL(8,1), ITBLC8,2), ITBL(8,3), ITBL(8,4), ITBL(8.5), I'rRL(8
1 .6) /2.2,4,0,0,0/
DATA ITBL(9,1), ITBL(9,2), ITBL(9,3), ITBL(9.4). ITELC9,5), ITBL(9
1 .6) /2.2,5.0,0,0/
DATA ITBL(10,1), ITBL(10,2). ITBL(10,3), ITBLC1O,4), ITBL(10,5),
1 ITELC1O,6) /2,2,6,0,0,0/
DATA ILTBLl /2,2,6/

C
DATA ITBL(11,1), ITBL(11,2), ITBL(11,3), ITEL(11,4), ITBL(11,5),
1 ITBL(11.6) /1,0.0,0,0,0/
DATA ITBL(12,1), ITBL(12,2), ITBL(12.3), ITBL(12,4), ITBL(12,5),
1 ITEL(12,6) /2,0,00.0,0/
DATA ITBL(13.1). ITBL(13,2), ITBL(13,3), ITBL(13,4), ITBL(13.5),
1 ITBL(13,6) /2,1,0,0,0,0/
DATA ITBL(14,1), ITBL(14,2), ITBL(14,3), ITBL(14,4), ITBL(14.5).
1 ITBL(14,6) /2,2,0,0,0,0/
DATA ITBL(15,1), ITBL(15,2), ITBL(15,3). ITEL(15,4), ITBL(15,5),
1 ITBL(15,6) /2,3,0,0,0,0/
DATA ITBL(16,1), ITBL(16,2), ITBL(16,3). ITBL(16,4), ITBL(16,S),
1 ITEL(16,6) /2.,0,0,0,0/
DATA ITBL(17,1), ITBL(17,2), ITBL(17,3), ITBL(17,4), ITBL(1'T.5),
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1 ITEL(17,S) /2.5.00,0,0/
DATA ITBL(18,1), ITBL(18,2), ITBL(18,3), ITBL(18,4). ITBL(18,5).
1 ITBL(18,6) /2,6,0,0,0,0,'
DATA ITBL(19,1), ITBL(19.2), ITBL(19,3), ITBL(19,4), ITBL(19,5),
1 ITBL(19,6) /2,6,0,1,0,0/
DATA ITBL(20.1), IT.L(2O,2), ITBL(20,3), ITBL(20.4). ITEL(20,5),
1 ITBL(20,6) /2,6,0,2,0,0/
DATA ITBL(21,1), ITBL(21,2), ITEL(21,3), ITBL(21,4), ITBL(21 .5).'
1 ITBL(21,6) /2,6,1,2,0,0/
DATA ITBL(22,1), IT!L(22,z), ITBL(22,3), ITBL(22,4), ITBL(22,5),
1 ITBL(22,6) /2,6,2,2,0,0/
DATA ITBL(23,1). ITBL(23,2), ITBL(23,3), ITBL(23,4), ITBL(23,5=),
1 ITBL(23,6) /2,6,3,2,0,0/
DATA ITBL(24,1), ITBL(24,2), ITBL(24,3), ITBL(24,4), ITBL(24,5),
1 ITBLC24,6) /2.6,5,1,0.0/
DATA ITBL(25.1), ITBL(25,2), ITBL(25,3), ITBL(25,4), ITBL(25,5),
1 ITBL(25,6) /2,6.5,2,0,0/
DATA ITBL(26,1), ITBL(26,2), ITBL(26,3), ITEL(26.4), ITBL(26,5),
1 ITBL(26,6) /2,6,6,.0,0/
DATA ITBL(27,1), ITBL(27,2), ITBL(27,3), ITEL(27,4), ITBL(2'7,5),
1 ITBL(27,6) /2,6,7,2,0,0/
DATA ITBL(28,1), ITEI1(28,2), ITBL(28,3), ITBL(28,4), ITBL(28,5),
1 ITBL(28,6) /2,6,8,2,0,0/
DATA ILTBL2 /2,6,10/

C
DATA ITBL(29,1), ITEL(29,2), ITBL(29,3), ITBL(29,4), ITEL(29,5),
1 ITBL(29,6) /1.0,0,0,0,0/
DATA ITBL(30,1), ITBL(30,2), ITBL(30,3), ITBL(30,4), ITBL(30,5),
1 ITBL(30,6) /2,0.0,0,0,0/
DATA ITBL(31,1), ITBL(31,2), ITBL(31,3), ITBL(31,4), ITEL(31,5),
1 ITBL(31,6) /2,1.0,0,0,0/
DATA ITBL(32,1), ITBL(32,2), ITBL(32,3), ITBL(32,4). ITBL(32,5),
1 ITBL(32,6) /2,2,0,0,0,0/
DATA ITBL(33,1), ITEL(33,2), ITBL(33,3), ITBL(33,4), ITBL(33,5),
1 ITBL(33,6) /2,3,0,0,0,0/
DATA ITBL(34,1), ITBL(34.2), ITEL(34,3), ITEL(34,4), ITEL(34,5),
1 ITBL(34,6) /2,4,0,0.0,0/
DATA ITBL(35,1), ITBL(35,2), ITBL(35,3), ITBL(35.4), ITBL(35,5),
1 ITBL(35,8) /2.5,0,0,0,0/
DATA ITBL(36,1), ITBL(36,2), ITBL(36,3), ITBL(36,4), ITEL(36,5).
1 ITBL(36.6) /2.6,0,0,0,0/
DATA ITBL(37,1), ITBL(37,2), ITBL(37,3), ITBL(37,4), ITBL(37,5).

1 ITBL(37,6) /2,6,0,0,1,0/
DATA ITBL(38,1), ITEL(38,2), ITBL(38,3), ITBL(38,4), ITEL(38.5).
1 ITBL(38,6) /2,6,0,0,2,0/
DATA ITBL(39,1), ITBL(39,2), ITBL(39,3), ITBL(39,4), ITEL(39,5),
1 ITEL(39,6) /2.6.1,0.2,0/
DATA ITBL(40,1), ITBL(40,2), ITBL(40.3), ITBL(40,4), ITBL(40,5),
1 ITBL(40,6) /2,6,2,0.2.0/
DATA ITBL(41,1), ITEL(41.2), ITEL(41,3), ITEL(41,4), ITBL(41,5),
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1 ITBL(41.6) /2.6,4,0.1,0/
DATA ITEBL(42,1), ITEL(42,2), ITBL(42,3), ITBL(42,4), ITBL(42,5),
1 ITBL(42.6) /2.6,5,0.1,0/
DATA ITBL(43,1), ITBL(43,2), ITBL(43,3), ITBL(43,4), ITBL(43,5),
1 ITBL(43,6) /2,6,6,0,1,0/
DATA ITBL(44,1), ITBL(44,2), ITBL(44.3), ITBL(44,4), ITBL(44,5),
1 ITBL(44,6) /2,6,7,0,1,0/
DATA ITBL(45,1), ITBL(45,2), ITBL(45,3), ITBL(45,4), ITBL(45,5).
1 ITBL(45,6) /2,6,8,0,1.0/
DATA ITBL(46.1). ITBL(46,2), ITBL(46.3), ITBL(46,4), ITBL(46,5),
1 ITBL(46,6) /2,6,10,0,0,0/
DATA ILTBL3 /2,6,10/

C
DATA ITBL(47,1), ITBL(47,2), ITBL(47,3), ITBL(47,4), ITBL(47,5),
1 ITEL(47,6) /0,1,0,0,0,0/
DATA ITBL(48,1). ITBL(48,2), ITBL(48,3), ITEI1(48,4), ITBL(48,5),
1 ITEL(48,6) /0.2,0,0,0,0/
DATA ITBL(49,1), ITBL(49,2), ITBL(49,3), ITBL(49,4), ITEL(49,5),
1 ITBL(49,6) /0,2,1,0,0,0/
DATA ITBL(50,1). ITBL(50,2). ITBL(50,3). ITBL(50,4), ITBL(50,5).
1 ITBL(50,6) /0,2,2,0,0,0/
DATA ITBL(51,1), ITBL(51,2), ITBL(51,3), ITBL(51,4), ITBL(51,5),
1 ITBL(51,6) /0,2,3,0,0,0/
DATA ITBL(52,1), ITBL(52.2), ITBL(52,3), ITBL(52,4), ITBL(52,5),
1 ITBLC52,6) /0,2,4,0,0,0/
DATA ITBL(53,1), ITBL(53,2), ITBL(53,3), ITBL(53,4). ITBL(53,5),
1 ITBL(53,6) /0,2,5,0,0,0!
DATA ITBL(54,I), ITBL(54,2). ITBL(54,3), ITBL(54,4). ITBL(54,5),
1 ITBL(54,6) /0,2,6,0,0,0/
DATA ITBL(55,1), IT311(55,2). ITBL(55,3), ITEL(55.4), ITBL(55,5).
1 ImTBL(55,6) /0,2,6,0,0,1/
DATA ITBL(56,1), ITBL(56,2), ITBL(56,3), ITBL(56,4), ITBL(56,5),
1 ITBL(56,6) /0,2.6,0,0,2/
DATA ITBL(57,1), ITBL(57,2), ITBL(57.3), ITBL(57,4), ITBL(57,5),
1 ITBL(57,6) /0,2,6,1,0,2/
DATA ITBL(58,1), ITBL(58,2), ITBL(58.3), ITBL(58,4), ITBL(58,5),
1 ITBL(58,6) /2,2,6,0,0,2/
DATA ITBL(59,1), ITBL(59,2), ITBL(59,3), ITBL(59.4), ITEL(59,5),
1 ITBL(59,6) /3,2,6,0,0,2/
DATA ITEL(60,1". ITBL(60,2), ITBL(60,3), ITEL(60.4), ITBL(60,5),
1 ITBL(60,6) /4,2,6,0,0.2/
DATA ITEL(61.1), ITBL(61,2), ITBL(61,3), ITBL(61.4), ITBL(61,5),
1 ITBL(61,6) /5,2,6,0,0,2/
DATA ITBL(62,1), ITBL(62,2), ITBL(62,3), ITBLC62,4). ITEL(62,5).
1 ITBL(62.6) /6,2,6,0,0,2/
DATA ITEL(63,1), ITBL(53.2), ITBL(63,3), ITBL(63,4;. ITEL(63,5).
1 ITEL(63,6) /7,2,6,0,0,2/
DATA ITEL(64,1), ITBL(64,2), ITBL(64,3), ITBL(64,4). ITBL(64,5).
1 ITBL(64,6) /7.2,6,1,0,2/
DATA ITEL(65,1), ITBL(65,2), ITBL(65,3), ITEL(65,4), ITBL(65,5),
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I ITBL(65.6) /9,2,6,0.0,2/'
DATA ITBL(66,1), ITBL(66.2). ITBL(66,3), ITBL(66,4), ITBL(66,5).
I ITBL(66,6) /10,2,6,0,0.2/
DATA ITBL(67,1). ITBL(67,2), ITBL(67,3). ITBL(67,4). ITBL(67.5).
1 ITBL(67.6) /11,2,6,0,0,2/
DATA ITBL(68..1), ITEL(6a,2), ITBL(68,3), ITBL(68,4). ITBL(68.5).
1 ITEL(68.6) /12.2.6,0,0.2/
DATA ITBL(69.1), ITBL(69.2), ITBL(69,3), ITBL(69,4). ITBL(69,5),

1 ITBL(69,6) /13,2,6,0,0,2/
DATA ILTBL4(1) /141

C
DATA ITBL(70,1), ITBL(7O,2), ITBL(70,3), ITBL(70,4), ITBL(70,5).
1 ITBL(70,6) /2,6,0,0,2,0/
DATA ITBL(71,1), ITBL(71,2), ITBL(71,3), ITEL(71,4), ITRL(71,5).
1 ITBL(71.6) /2,6,1,0,2,0/
DATA ITBL(72,1), ITBL(72,2), ITBL(72,3), ITEL(72,4), ITBL(72,5).
1 ITBL(72,6) /2,6,2,0,2,0/
DATA ITBL(73,1), ITBL(73,2), ITBL(73,3), ITBL(73,4), IThL(73,5),
1 ITBL(73,6) /2,6,3,0,2,0/
DATA ITBL(74,I), ITBL(74,2), ITBL(74,3), ITBL(74,4), ITBL(74,5),
1 ITBL(74,6) /2,6,4,0,2,0/
DATA ITBL(75,1), ITBL(75,2), ITBL('75,3), ITEL(75 ,4), ITBL(75,5).
1 ITBL(75,6) /2,6,5,0,2,0/a,
DATA 1TBLC76,1), ITBL(76,2), ITELC76,3), ITEL(76,4), ITBL(76,5),
1 ITEL(76,6) /2,6,6,0,2,0/
DATA ITBL(77,1), ITBL(77,2), ITBL(77,3), ITBL(7'7,4), ITBlI(77,5).
1 ITBL(77,6) /2,6,7,0,2,0/
DATA ITBL(78,1), ITBL(78,2). ITBL(78.3), ITBL(78,4), ITBL(78,5),
1 ITBL(78,6) /2,6,9,0,1,0/
DATA ILTEL5 /2,6,10/

C
DATA ITBL(79,1), ITBL(79,2), ITBL(79,3), ITBL(79,4), ITBL(79,5),
1 ITBL(79,6) /0,1,0,0,0,0/
DATA ITBL(80,1), ITBL(80,2), ITBL(80,3), ITBL(80,4), ITEL(80,5),
1 ITBL(80,6) /0,2,0,0,0,0/
DATA ITBL(81,1), ITBL(81,z), ITBL(81,3), ITBL(81,4), ITBL(81,5),
1 ITEL(81,6) /0.2,1,0,0,0/
DATA ITBL(82,I), ITEL(82,2), ITBL(82,3), ITBL(82,4), ITBL(82,5),
1 ITBL(82,6) /0,2,2,0,0,0/
DATA ITBL(83,1), ITBL(83,2). ITBL(83,3). ITBL(83,4), ITBL(83,5).
1 ITBL(83,6) /0,2,3,0,0,0/
DATA ITBL(84,1), ITBL(84,2), ITBL(84,3). ITEL(84,4), ITBL(84,5),
1 ITBL(84,6) /0,2,4,0,0.0/
DATA ITBL(85,1), ITBL(85,2), ITBL(85,3), ITBL(85,4), ITBL(85.5),
1 ITBL(85.6) /0,2,5,0,0,0/
DATA ITBL(86.1), ITBL(86,2), ITBL(86.3), ITEL(86,4), ITBL(86,5),
1 ITBL(86.6) /0,2,6,0,0,0/
DATA ITBLC87,1), ITBL(87,2), ITEL(87,3), ITBL(87,4), ITEL(87,5),
1 ITEL(87,6) /0,2,6,0.0,1/
DATA ITLBL(88,1), ITEL(88,2), ITBL(88,3), ITBL(88,4), ITBL(88,5).
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I ITBL(88.6) /0,2,6,0,0,2/
DATA ITBL(89,1), ITBL(89,2), ITEL(89,3), ITBL(89.4), ITBL(89,5).
1. ITBL(89,6) /0.2,6,1,0.2/
DATA ITBL(90,1), ITBL(90,2), ITBL(90,3), ITBL(90,4), ITBL(90,5).
1 ITBL(90,6) /0,2,6,2,0,2/
DATA ITBL(91,1), I'rBL(91,2), ITBL(91,3), ITBL(91,4), ITBL(91,5),
1 ITBL(91,6) /2,2,6,1,0,2/
DATA ITBL(92.1). ITBL(92,2), ITBL(92,3), ITBL(92,4), ITBL(92,5),
1 ITBL(92,6) /3,2,6,1,2/
DATA ITBL(93.1). ITBL(93,2), ITBL(93,3), ITBL(93,4), ITBL(93.5),
1 ITBL(93,6) /4,2,6,-1,0,2/
DATA ITBL(94,1). ITBLC94,2), ITBL(94,3), ITBLC94,4), ITBL(94,5),
1 ITBLC94,6) /5,2,6,1,0,2/
DATA ITBL(95,1), ITEL(95,2), ITBL(95,3), ITBL(95,4), ITEL(95,5),
1 ITBL(95.6) /6,2,6,1,0,2/
DATA ITBL(96,1), ITBL(96,2), ITBL(96,3), ITEL(96,4), ITBL(96,5),
1 ITBL(96.6) /7,2,6,1,0,2/

C
DATA ITABL /1,2,2,3,3,4,5,5,6,7,8,8,9,10, 11,11,12,13,14/

C
DATA INSTAR /1 .O,4.0,2*9.0,3*13.69,3*16.0,3*17.64, 19.36/

C
DATA JTABL /1,2,4,6,7,9,10,11,13,14,15,17,18,19/

C
DATA TEL 1.49, .729, .883,1.004,1.108,1.199,1.283,1.36,1.433,1.502,1
1 .573,1.630,1 .690,1.749,1.806,1.861,1.916,1.968,2.020,2.071,2.133,
2 2.176,2.220.2.268,2.316,2.3639,2.4111,2.4579.2.5046,2.5508 ,2.5970
3 ,2.6430,2.6889,2.7346,2.7804,2.8261,2.8717,2.9175,2.9633,3.0091 .3
4 .0551 ,3.1012,3.1476,3.1940,3.2475,3.287",3.3350,3.3803,3.4305,3.4
5 788,3.5270,3.5770,3.626C,3.6760,3 .7270,3.7780,3.8300.3.8820,3.935
6 0,3.9890,4.0440,4.0990,4.1550,4.2130,4.2710,4.3300,4.391 ,4.453,4.
7 516,4.580,4.646,4.714,4.783,4.855,4.928,5.004,5.088,5. 160,5.245,5
8 .332,5.420,5.516,5.614,5.716,5.824,5.939,6.058,6. 188,6.326,6.475,
9 6.637,6.815,7.012,7.235,7.491 ,7.792,8.166,8.654,9.377,9.677,9.977
S .10.277,10.577,10.877.11 .177,11.477,11.777,12.037,12.3771

C
DATA SCAX /.001, .002, .005, .01, .02, .05,.l.,.2, .5,1. ,2.,.5.,.10. ,20.,.50
1 .

C
DATA SCALE /2.5E9,5.E9,1 .E1O,2.5E10,5.E1O,1.El1,2.5E11,5.E11,l.E12
1 ,2.5El2,5.El2,1.El3,2.5El3,5.El3,1 .El4,2.5El4,5.El4,l.El5/

C
DATA NOEC, EDGEC, EION, SCRENO, NGRUP, NSUM, NSPDF, NVARM, NVARE,
1 NION, EBB, NLEC, NSNIK /10*0,200*0,1000*0,200*0.,19*0,19*0,14*0,6
2 S0,10*0,190*0,2100*0.,150*0,1120*0/

C
DATA IPLUS, IPLUSO, KMAX, NI, R, XLAM1, XLAM2, MF /10*0,10*0,10*0
1 ,80*0,80*0.,201*0.,201*0.,10*0./

C
DATA RERAD /0./
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C
DATA AMU2. CH, EQSTA, GOKE. GOKE2, GOVEEK. JI. MFLAG. OMEGA.

1 PRELAX, QU, SD2, SHEAR., TREIJAX, TP.EIJ2. VAliD, TY, ZZ /6-O..6$C.,
2 6*O.,6*O.,6t0.,201*O.,6-,60,60.,60G.,201-0.,2O1*C..6*O.,6*0.,6
:3 *O.,201-0.,201*O.,2O1*O.I

C
DATA KCOUNT /0 /

C
DATA EM, IS, ISM, ISPALL. ISPLLM, JS, JTMAX, MS, SJ, SM, TMAX,
1 TSPALL, US, XS /6*0.,0,0,0,6*0,0,0,0,0.,50*0.,O.,201*0.,50*0.,50*
2 0./

C
C** THIS PROGRAM VALID ON FTN4 AND FTII5 *

END
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*DECK EDIT

SUBROUTINE EDIT
*IF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H,O-Z)
*ENDIF

C
C
C
C IMPORTANT VARIABLES LOCAL TO THIS SUBROUTINE
C
C DTPP PULSE WIDTH IN SECONDS AT HALF HEIGHT OF THE
C PULSE CONTAINING SMAX -- COMPUTED USING THE
C EXPRESS ION EMVPP / SMAX
C DTPULS A PULSE WIDTH TERM IN SECONDS, COMPUTED USING
C THE EXPRESSION EMVPL/SMAX
C EMVBM THE SUM OF THE MAXIMUM POTENTIAL MOMENTUM IN
C DYNE-SECONDS/CMA2 OF VAPORIZED REGION --
C SUBLAYER REGIONS THAT ARE VAPORIZED ARE NOT
C CONSIDERED. -- THE ENERGY E AVALIABLE FOR THE
C MAXIMUM MOMENTUM OF THE ZONE IS DEFINED AS
C E.5UT2+(E-ESUB) WHE E ESUB IS THE
C SUBLIMATION ENERGY -- THE VELOCITY U ASSOCIATED
C WITH THE MAXIMUM POTENTIAL MOMENTUM IS DEFINED
C AS E-M.5*U**2 OR USQRT(2E) -- HENCE THE
C MAXIMUM POTENTIAL FOR A VAPORIZED ZONE IS
C ZMSQRT(U T2+2 (E-ESUB))
C EMVNEG TOTAL NEGATIVE MOMENTUM IN DYNESECONDS/CM*2 IN
C A MESH -- THIS EXPRESSION IS COMPUTED BY
C AVERAGING THE VELOCITIES OF TWO ADJACENT ZONE
C BOUNDARIES AND USING THE MASS OF THE ZONE
C BETWEEN.
C EMVPL SUM OF THE MOMENTUM OF EACH ZONE FROM JSMAX+3
C BACK TO THE FIRST ZONE WHICH HAS A NEGATIVE
C VELOCITY.
C EMVPOS TOTAL POSITIVE MOMENTUM IN A MESH -- CALCULATED
C LIKE EMVNEG
C EMVPP SUM OF EMVPL AND EMVPR
C EMVPR SUM OF THE MOMENTUM OF EACH ZONE FROM JSMAX+4
C TO JSTAR+G
C ETOTAL TOTAL ENERGY IN CALORIES COMPUTED BY SUMMING THE
C KINETIC AND INTERNAL ENERGY OF ALL ZONES.
C JQMAX ZONE NUMBER OF THE ZONE HAVING THE LARGEST
C VALUE OF ARTIFICIAL VISCOSITY, Q.
C JSMAX ZONE NUMBER OF THE ZONE HAVING THE LARGEST
C STRESS.
C JTS ZONE NUMBER OF THE ZONE HAVING THE SMALLEST
C STABLE HYDRO TIME
C PDTNEG INTEGRATED NEGATIVE MOMENTUM FOR THE LAST
C JEDIT ZONE -- IT IS THE SUM OF ALL NEGATIVE
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C (S+Q)*DTNH TERMS FOR THAT ZONE
C PDTPOS INTEGRATED POSITIVE MOMENTUM FOR THE LAST
C JEDIT ZONE
C QMAX THE MAXIMUM ARTIFICIAL VISCOSITY IN DYNES/CM**2
C 'IN THE MESH
C SMAX THE MAXIMUM STRESS IN THE MESH
C X(JSMAX) EULERIAN COORDINATE IN CENTIMETERS OF THE
C BOUNDARY OF THE ZONE WITH MAXIMUM STRESS
C X(JQMAX) EULERIAN COORDINATE IN CENTIMETERS OF THE
C BOUNDARY OF THE ZONE WITH MAXIMUM ARTIFICIAL
C VOSCOS ITT
C
C
C
C SYMBOL DESIGNATIONS ON LOG PLOTS
C
C W NEGATIVE ABSCISSA
C X POSITIVE ABSCISSA
C N NEGATIVE STRESS
C S POSITIVE STRESS
C Q VISCOSITY
C T NEGATIVE PARTICLE VELOCITY
C U POSITIVE PARTICLE VELOCITY
C E SPECIFIC ENERGY
C D ZONE SIZE
C H TEMPERATURE
C Z ZONE IONIZATION
C M COMPRESSED VOLUME
C L EXPANDED VOLUME
C
C
C
*CALL BLANK
*CALL AA

*CALL EQED
*CALL EQVP
*CALL PLOTCM
*CALL RZCOM
*CALL SPLLC

DIMENSION A(120). EMVN(6), ZZCTRL(40)
DIMENSION JP(5). JQMAX(6), JSSMAX(6), JTTMAX(6), KP(S), QMAX(6).
1 QS(201). SQ(201), SSMAX(6), TTMAXC6)

C
DATA BLANK, CONI, CON2, CON3, CON4, CONS, CON6, CON7, CON8, CON9.
I CONI0, CON i. CON12, CON13, CONi4. CONiS, CONI6 /' ','W','X',S',
2 'N','Q','U','T','E','D','H','Z','M','L','-','B'.'+'/

C
DO 10 1-1,5
JP( I )-JBND( I)
KP(I)-O
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10 CONTINUE
JJJ-JF IN-1
TT.TIHE*1 .E6
DO 20 J-2,JFIN
QS(J)mQ(J)s1 .E-9
SQ(J)-S(J)*1 .E-9

20 CONTINUE
WRITE (1) NTT,JJJ,NM TELS,(X(J).SQ(J),QS(J) .J-2.JFIN),JP,JJJ,KP
IF (WTAPE) 30,60,30

30 CONTINUE
WRITE (6,1110)
WRITE (6,1230) (DISCPT(I),I-1,8)
WRITE (6,1210) N,TIME
WRITE (6,1220)
LINE -9
Ji uMAXOC JHAT ,JSTAR)
DO 40 J-1,Jl
WRITE (6,1180) J,CS(J),V(J),E(J),P(J),S(J)SD(J),U(J),Z(J)TEM{P(J
1 ),F()XJ,()Q()D()E()IE()FJOJADJ
2 ,TSPALL(J)
LINE -LINE+4
IF (LINE.LT.50) GO TO 40
WRITE (6,1110)
WRITE (6,1220)
LINE-4

40 CONTINUE
JSTARD-MINO(J1.1 .JFIN)
WRITE (6,1060)
ZMAS-O.
DO 50 J-2,JFIN
ZMAS-ZMAS+ZM( J)
WRITE (6,1070) PX(J),ZM(J),ZHAS,E(J)

50 CONTINUE
60 CONTINUE

JSTARDm.MINO( JSTAR+1 ,JFIN)
C
C TOTAL MOMENTUM CALCULATION
C

EMVNEG-0.
EMVPOSmO -

DO 70 1-1,6
EMVN( I)-0.
JQMAX( I) -JBND( I)
JSSHAX( I)-JBND( I)
JTTMAX( I)-JBND( I)
QMAX(I)uO.
SSMAX(I)-0.
TTMAX(I)-O.
EMVN(I)-0.O

70 CONTINUE
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C
C CALCULATE L~AYER MOMENTA, TOTAL MOMENTUM IN MESH, AnD ESTIMATE QC LAtE TIME TRANSVERSE LINE LOAD (XNL)
C

ESUM'.o.
EXStTH-0.
X.NL-0.
Mini
MS -1
DO 190 J-2,JSTARD
IF (J1E.mDM)m-m+1
IF (QCJ)-QMAX(M)) 90,90,80

80 CONTINUE
QMAX( H) iQ( c)
JQMAX(M)-j

90 CONTINUE
DXX-X(J)-X(J-1)
IF (TSPALL(J).NE.1.234) GO TO 100
DXXinX(Ms)-X(J-1)
-M'J-.5*ZM(J)* CUSCMs)+U(J-1))
MS-MS+1
GO TO 110

100 CONTINUE
ENVus 5*ZM(J)* (U(J)+U(J-i))

110 CONTINUE
SL-1.5*SD(J)+6.0*GOVER(J)*S(J)/(3O0+4OsGOVERNCj))
IF (TSPAIJ.(J).EQ.8. .OR.TSPALLCJ).EQ.7.) SLinO.
XNL-XNL+SLXX
IF CEMV) 120,130,130

120 EMVNEG-EMVNEG+EMV
EMVN(M) iEHVI(M)+EMV
GO TO 140

130 EMVPOS-EXVPOS+EMV
EMVN(M) .EMV2(M)+EV

140 CONTINUE
C
C CALCULATE MAXIMUM STRESS AND MAXIMUM TENSION FOR EACH MATERIAL
C LAYER
C

IF (sSMAXCM)-S(J)) 150,160,160
150 CONTINUE

SSMAX C H) SC J)
JSSMAXCH) -J

160 CONTINUE
IF (TTMAX(ME+SCJ)) 170,180,180

170 CONTINUE
TTlMAXCH).-ABS(S(J))
JTTMAX CM) -J

180 CONTINUE
C
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C TOTAL ENERGY CALCULATION (IN CALORIES)
C

ESUM..ESUM+CE(J)-7.5E1O/XMW(M)*FLOAT(NATOM(M)))*ZM(J)/4.186E7
EKSUMuEKSUM+zM(J)*(U(J-1)**2+U(J-1)*U(J).U(J)**2)/4.186E7/6.

190 CONTINUE
ETOTAL-ESUM+EKSUM
JM-JSMAX+3

C
C CALCULATE MOMENTUM OF MAIN PULSE
C

EMVPL-O.
200 EMVPL-EMVPL+U(JM)3.5*(ZMCJM+1)+ZM(JM))

IF (JM-JSMAX) 210,220,220
210 CONTINUE

IF (JII-1) 230,230,220
220 CONTINUE

JM-JM- 1
IF (U(JM)) 230,2:30,200

230 JM-JSMAX+4
C
C CALCULATE MOMENTUM OF PRECURSOR
C

EMVPR-0.
240 EMVPR-EMVPR+UJM)/2. *(ZM(J)+ZMJM+1))

IF (JM-JSTAR) 250,250,260
250 JM-JM+1

GO TO 240
260 EMVPP-EMVPL+EMVPR

DTPP-EMVPPI SMAX
DTPULS -EM VPL/ SMAX

C
C CALCULATE MAXIMUM POTENTIAL MOMENTUM OF VAPOR
C

M-1
EMVBM-O.
EIIVBM1uO.0
EMVBM2-O.
DO 280 J-2,JSTARD
IF (J-1.EQ.JBND(M)) M-H-U
DE-E( J)-7.5El0/'XMW(M) *FLOAT(NATOM(M) )-EQsTE(M)
IF (DE) 290,290,270

270 UAVGa(SQRT(U(J-1)*U(J-1)+2. *DE)+SQRT(U(J)*U(J)+2.*DE))/2.
EMVEH=EMVBM+UAVG* ZM( J)
UAVG-(U(J-1)+U(J) )/2.O
EMVBM1 -EMVBM1.sUAVG*ZM(J)
UAVGI--ABS(U(J-1))*U(J-1)+2. tDE

*IF DEF,B64
Xl-SIGN(1 .0,UAVG1)
UAVG2--ABS(U(J))*U(J)+2. SDE
X2-SIGN(l1.0,UAVG2)
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* END IF
*IF DEF,B32

X1-DSIGN(1 .DO,UAVG1)
UAVG2--ABS(U(J))*U(J)+2. *DE
X2-DSIGN(l1.DO ,UAVG2)

* END IF
UAVGm(XlSQRTX*UAVG1).X2*SQRT(X2*UAVG2))/2.O

280 EMVBN2-ENVBH2+UAVG*ZN(J)
290 CONTINUE

C
C PUT TIME HISTORY OF MOMENTUMI AND RERADIATION ON SEPARATE FILE
C RATHER THAN IN DAYFILE.
C

WRITE (9,1170) TIME,ENVEN,ENVBH1.EMVBM2.EMVNEG,EMVPOS,RERAD
C
C PRINT OUTPUT VARIABLES
C
C D77NR-O.9/DTRC

JENDi -JBND( 1)
JBND2 -JBND( 2)
JBND3-JBND( 3)
WRITE (6,1190)
WRITE (6.1080) N,JFIN,JSTAR,JTS,TIME,DTNH,X(1),EMVNEG,EMVPOS,XNL
1I ETOTAL
WRITE (6,1090)
DO 300 N-i ,NMT2LS
J1-JBND(M)
J2-JSSNAX(N)
J3-JTTMAX(M)
J4-JQNAX( N)
WRITE (6,1100) J1,J2,J3,J4,X(Jl),X(J2),X(J3),X(J4),sSSAX(),TTMiAX
1 (N),QNAX(M),ENVN(N)

300 CONTINUE
JS1u2
JS2-JSTARD/3
JS3-2 *JS2
JS4-JSTARD
IF (IL.OG) 630,310,630

310 CONTINUE
WRITE (3,1120) (DISCPT(I),I-1,8) .JS1,JS2,JS3,JS4.S(JS1),S(JS2),S

1 (JS3) ,S(JS4) ,U(JS1) ,U(Js2) ,U(JS3) ,U(JS4) ,E(JS1) .E(Js2) ,E(JS3) ,E
2 (JS4) .V(JSI) ,V(JS2) ,V(JS3) .V(JS4) ,X(JS1) ,X(JS2) ,X(JS3) ,X(JS4)
3 ,TEMP(JSI),TEMP(JS2),TEMP(JS3),TEMP(JS4),ZFM(JS1),ZFM(JS2),ZFM
4 (JS3),ZFM(JS4),(JBND(M),M-1,6)

C
C PREPARE LOG PLOTS
C

DO 320 J-1,120
A( J)-BLANK

320 CONTINUE
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JSSTAR-MINO( JSTARD+1 , JFIN)
M-1
DO 620 J-2.JSSTAR
IF (1(J)) 330.350,340

330 CONTINUE
*IF DEF,B64

NX-120.5+28.*(AMOD(AMOD(ALOG(ABS(XCJ)))/2.3025851,4.)+4.,4.)-4.)
* END IF
*IF DEF,B32

NXu-120.5+28.*(DMOD(DMODCDLOG(ABS(X(J)))/2.3025851DO,4.DO)+4.D0,4
1 .DO)-4.DO)

*ENDIF
AC NI)-CON 1
GO TO 350

340 CONTINUE
$IF DEF,B64

NX-20.5+100. *AMOD((2.0*ABS(X(J))),1.)
*ENDIF
*IF DEF,B32

NX-20.5+100.*DMOD((2.DO*ABS(X(J))),1.DO)
*ENDIF

A(NX)-CON2
350 IF (s(J)) 380,390,360
360 CONTINUE

*IF DEF,B64
NXin120.5+28.*(AMOD(AMOD(ALOG(ABSCSCJ))4.0OO1)/2.3025B51,4.)+4. .4.)
1 -4.)

*ENDIF
*IF DEF,B32

NX.-120.5+28.*(DMOD(DMOD(DLOG(ABS(S(J))+1.D-4)/2.3O25B51DO.4.D0>+4
1 .DO,4.DO)-4.DO)

*ENDIF
IF (S(J)) 380,370,370

370 A(NX)-CON3
GO TO 390

380 A(NX)-CON4
390 IF (Q(J).EQ.0.0) GO TO 400

*IF DEF,B64
NX-120.5+28.(AOD(AMOD(ALOG(Q(J)-.0001)2.30258514.4-4.,4.)-4.)

*ENDIF
*IF DEF,E32

NX-120.5+28.*(DM0D(DM0D(DLOG(Q(J)-i-.D-4)/2.3025851D,4.D0>+4.DO.4
1 .DO)-4.DO)

*ENDIF
A(NX) -CONS

400 IF (U(J)) 410,440,410
410 CONTINUE

*1I7 DEF,E64
NXwl20.5+28.*(AMOD(AMOD(ALOG(ABS(U(J))+.0001)/'2.3025851,4.)+4.,4.)

1 -4.)
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*ENDIF
*IF DEF,B32

NXul20.5+28.*(DMOD(DMOD(DLOG(ABS(U(J))+l.D-4)/2.3025851D0,4.DO)+4
I .DO,4.DO)-4.DO)

SflhDIF
IF (Ue'J)) 430,420,420

420 A(NX)-CON6
GO TO 440

430 A(NX)-CON7
440 IF (E(J)) 450,460,450
450 CONTINUE

*IF DEF,B64
NXml2O.5+28.*(AM4OD(AM(OD(ALjOG(ABS(E(J))+.0001)/2.3025851,4.)+4.,4.)
1 -4.)

'ENDIF
*IF DEF,B32

NX-120.5+28.*(DMOD(DM0D(DLOG(ABS(E(J))+l.D-4)/2.3025851DO,4.DO)+4
1 .DO,4.DO)-4.DO)

*ENDIF
A(NX)-CON8

460 DXX-X(J)-X(J-1)
IF (DUX) 480,450,470

470 CONTINUE
*IF DEFB64

NX-120.5+28.*(AOD(AMODALOG(DXX)/2.3025851,4.)+4. ,4.)-4.,)
*ENDIF
*IF DEF,B32

NXw120.5+28.*(DMOD(DMOD(DLOG(DZ2C)/2.3025851D0,4.DO)+4.DO,4.DO)-4
1.DO)

*ENDIF
A(NX)-CON9

480 IF (TEMP(J)) 500,500,490
490 CONTINUE

*IF DEF,B64
NX-12.528.0*(AOD(AMOD(ALOG(TEMP(J)+.0001)f2.3025851,4.)+4.,4.)-
1 4.)

*ENDIF
*IF DEF.B32

NX.120.5+28.0*(DMOD(DMOD(DLOG(TEMP(J)+l.D-4)/2.3025851D,4.D)-.-4
1 .DO,4.DO)-4.DO)

* ENDIF
A(gX)uCONIO

500 CONTIINUE
-IF DEF,B64

NX-8.5+AMOD(ZFM(J) ,112.O)
*ENDIF

*IF DEF,B32
NX-8.5+DMOD(ZFM(J) ,112.DO)

* ENDIF
A(NX)-CON11
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IF (V(J)-1.) 510,510,520
510 CONTINUE

*IF DEF.B64
1 .- 2.+8*AO(MDAO(0*l/().9)232814)4,

*END IF
*IF DEF.B324

NX-120.5+28.*CDMOD(DH0D(DLOG(1.D-2*(l.D0/V(J)-9.9D-1))/2.3025851DO
1 ,4.DO)+4.DO,4.DO)-4.DO)

* ENDIF
AC NI) -CON 12
GO TO 530

520 CONTINUE
*IF DEF.364

NX-m120.5+28.*CAfOD(AOD(ALOG(l./V(J))/2.3025851,4.)+4.,4.)-4.)
* ENDIF
*IF DEF.B32

NX-120. 5+28.*(DMOD(DMOD(DLOG(l1.DO/V(J) )/2. 3025851D0 ,4 .DO)+4.DO ,4
1 .DO)-4.DO)

* ENDIF
AC NX) OON 13

530 IF (JEND(M)-J) 570,540,570
540 M-M+1

DO 580 1-8,120
IF (A(I)-BLANZ) 580,550,580

550 A(I)-CON14
560 CONTINUE

AC 15)-CONiS
AC 105)-CONiS

570 IF CHOD(J,10)) 600,580,600
580 DO 590 1=8,120,28

A I )-C0N16
590 CONTINUE

WRITE (3,1130) J,(A(I),I-8,120)
GO TO 610

600 WRITE (3,1140) (AC),I-1,120)
610 DO 620 1-1.120
620 A(I)-BLANK

C
C END PREPARE LOG PLOTS
C
C PRZ-PARE LINEAR PLOTS OF S VS X
C

630 IF (ILIN) 1050,640,1050
640 HMXO.

HPma.
KPLUS -O
XINC-100.
M-1
JJ-JBNDC 1)
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IF (JJ) 650,650,660
650 JJuJFIN
660 JMNHINO( JSTAR.2 ,JFIN+1)
670 JMmtTM-1

IF (ABS(S(J))-.O1*ABS(SMAX)) 670,670,680
680 JM-MINO(JMU ,JFIN)

JT- 1
690 JT-JT+l

IF (ABS(S(JT))-.01*ABS(SMAX)) 690,690,700
700 JTnJT-1

J--AXO (JT, 2)
710 MP=MP.1

IF (ABS(SHAX)-SCALE(MP)) 720,720,710
720 PWXuZ(JM)-X(JT)
730 NX-Xs-

IF (PWX-SCAX(HI)) 740,740,730
740 DSCAX-SCAZ(HX)/XINC

*IF DEF,B64
XPES-FLOAT( IFIX(X(JT)/DSCAX) ) DSCAX

*IF DEF,B32
XPES-FLOAT( IDINT1(I( JT) /DSCAX) ) DSCAX

* ENDIF
SCX-SCAX(MX)
SCY-SCALE(HP)
WRITE (3,1160) (DISCPT(I),1-1,8),NTIME,SCAI.E(MP),XPES-
GO TO 760

750 JT-JT+1
IF (J'r.GE.JFIN) GO TO 1050

760 ZAVG-(X(JT!+1)+X(JT))/2.
IF (XAVG-X(JFIN)) 770,1050,1050

770 IF (XAVG-IPES) 750,780,780
780 DELX-(X(JT+1)-X(JT-1))/2.

IF (JT.EQ.1) DELX-(XC2)-X(l))/a.
IF (DELI) 790,790,800

790 SC-0.
GO TO 810

800 Dlm(DELX-X.AVG+XPES),'DELX
SC-S(J'r)+(s(JT+1)-s(a'r) )*D3

810 IF (Q(JT)+Q(JT+1)) 830,830,820
820 QQ.SC+Q(JT)+(Q(JT+1)-Q(JT))*D1

*IF DEF,B64
NX-60.5+AMOD( 50.*QQ/SCALE(MlP ) ,50.)

*ENDIF
*IF DEF.B32

NX-60.5+DMOD(5.DO*QQ/SCALE(MP) ,5.DO)
*ENDIF

A(NX)-CON5
830 NX-60.5+50. 'SC/SCALE(MP)

NX-HAXO(NX, 1)
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NX-MINO( NI.120)
A(NX)-CON3
IF (A(60)-BLANE) 850,840,850

840 A(60)-CON16
850 18W-1

IF (KPLUS-5) 890,860,890
860 IPLUS-O

KSW-2
DO 880 1-10,110,10
IF (A(I)-ELAIK) 880,870,880

870 A(I)-CON16
880 CONTINUE
890 KPLUS-KPLUS+1

XPES -IPES +DSCAX
900 IF (XPES-X(JJ)) 1000,950,910
910 IF (XPES-DSCAX-X(JJ)) 950,950,920
920 M.M+l

M-MINO(M,NMTRLS)
JJ-JBND( N)
IF (JJ) 940,930.940

930 JJ-JFIN
940 GO TO 900
950 M-M+1

M-MINOCM .NHTRLS)
DO 970 1-10,110
IF (A(I)-BLANK) 970,960,970

960 A(I)-CON14
A( 15)-CON15
A( 105)-CONiS

970 CONTINUE
JJ-JBND(M)
IF C(JJ) 990,980,990

980 JJ-mJFIN
990 CONTINUE
1000 GO TO (1020,1010), KSW

CALL GOTOER
1010 WRITE (3,1150) XPES,(A(I),I-10,110)

GO TO 1030
1020 WRITE (3,1140) (A(I),I-1,110)
1030 DO 1040 1-1,110
1040 A(I)-ELANK

IF (XPES-X(JM)) 760,1050,1050
1050 WRITE (3,1200)

RETURS
C
1060 FORMAT (lHO,8X,2HPX,8X,2HZM.eX,4HZMAS,gX,1NI/)
1070 FORMAT (5X,1P4E1O.3)
1080 FORMAT (II ,5X,5HCYCLE,2X,4HJFIN, 1X,5HJSTAR,3X,3HJTS,6X,4HTIME,6X,4

1 HDTNH,6X,4HX(l),4X,6HEH-'.VNEG,4X,6HEMVPOS,1X,9HLINE LOAD,4X.6HETOTA
2L/SX,3(I5,1X) ,I5,1P7E10.3)
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1090 FORMAT (/6X.4HJBND.1X,5HJSMAX,1X,5HJTMAX,lX,5HJQMAX,3X,7HX(JEND).2
1 X,8HX(JSMAX).2X,8HX(JTMAX),2X,8HXCJQMAX),6X,4HSMAX,6X,4HTMAX,6X,4
2 HQHA .2X. 51ilOMENTUM)

1100 FORMAT (4X,4(1XI5),lP8ElO.3)
1110 FORMAT (iHl)
1120 FORMAT (/lX,8A10/5H ZONE,7X,4(I3,gX)/4H S ,4E12.3/4H U ,4E12.3/4

1 H E ,4EI2.3/4H V ,4EI2.3/4H X ,4E12.3/5H TEMP,4EI2.3/4H ZF ,4E
2 12.3//15H BOUNDARIES AT .614//52H! LINEAR X PLOT, FULL SCALE-'0.5 C
3M (100 PRINT VHEELS)/X,31fL.INEAR ZF PLOT, FULLSCALE - 112//lHO,4E
4ZONE,2X,4Hl0-4,23X,4Hl0-3,24X,4Hl0-2,24X,4H10-l,25X,lH1/lH ,6X,lH+
-5 ,27X,lH+,27X,lH+,27X,lH..s,27X, lH+s)

1130 FORMAT (1H! 14,2X,113AI)
1140 FORMAT (120A1)
1150 FORMAT (1H! F7.4,lX,lOlAl)
1160 FORMAT (27HlPLOT OF LINEAR STRESS VS X/1H B8A10.11H CYCLE NO.-,14.

1 1OX,5HTIME-,E1O.3/14H TOP OF PAGE -,E12.3,24H DYNES/SQUARE CENTIM
2ETER/I1HO,6X,4H-2.5,6,4H-2.,6X,4-.5,6X,4H-1.0,6X,4{-0.5,6X,41
30.0,7X,3H0.5,7X,3H1 .0,7X,3H1 .5,7X,3H2.0,7X,3H2.5/lHO.6X,4H-5.0.6X,
4 411-4.0,6X,4f-3.0,6X,4H-2.0,6X,4H-1 .O,7X,3H0.0,7X,3H1 .0,7X,3112.0,7
5 X,3H3.0,7X,3H4.O,7X,3H5.0/1H0,5X,5H-10.0,6X,4H-8 .0,6X,411-6.0,61,4
6 H-4.O,6X,411-2.0,7X,3H0.0,7X,3H2.0,7X,3H4.0,7X,316.0,7X,3H8 .0,6X,4
7 H1O.O/lHO,F7.4, 11. 1H4,1O(9X,1H+))

1170 FORMAT (1X,lP7El2.3)
1180 FORMAT (//5X,I5, 1P1OE12.4/10X,1P5E12.4,112, 1P4E12.4)
1190 FORMAT (1HQ)
1200 FORMAT (lHRf)
1210 FORMAT (2011 TIME EDIT AT CYCLE.15,5X,5H TIME,1PE15.5,4H SEC//)
1220 FORMAT (1/6Z,2! J,6X,3H CS,1OX,2H V,10X,2H E,1lOX,2H P,101,2! S,9X,

1 311 SD,1OX.2H U,gX,3H ZM,8X,51 TEMP.8X,4H ZFM/15X,21 X.10X,21 Q,9X
2 ,3H QO,gX,3H DV,9X,31 EI,8X,51 ITER,9X,2H F.9X.31 FO,8X,5H EADD,6
3 X,71 TSPALL)

1230 FORMAT (1HO.T26,8A10)
END
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*DECX EQST
SUBROUTINE EQST

*IF DEFB32
IMPLICIT DOUBLEPRECISION( A-H, O-Z)

*END IF
C
*CALL BLANK
*CALL AE
*CALL EQED
*CL EQFL
*CALL EQVP
* CALL HT-EQ
*CALL INDX
* CALL PLOTC4
*CALL RZCOX
* CALL SPLLC
C THIS SUBROUTINE CALCULATES NEW TEMPERATURES IN THE MESHES BY
C MAKING ITERATIVE GUESSES.
C

H-1
NCOUNTrnO
J-MHAXO(JSTAR, JHAT)

C
C MAKE FIRST GUESS AT NEW TEMPERATURES IN THE MESHES
C

FO1)=F(1)
DO 200 J-2,JFIN
IF (J-1.EQ.JBND(H)) H-H+1
ZFM(J)-ZFH(J)/FLOATNATOH(H))
FO(J-F(J)
TKEEP(J)-TEMP(J)
IF (IFLOW.NE.O) F(J)-0.O
P(J)-P(J)+Q(J)+QO(J)
ITER(J)-4
IF (IDIF.EQ.O) ITER(J)-l
IF (ICON.EQ.O) ITER(J-2
IF (ICON.EQ.0.ANl. IDIF.EQ.O) ITERCJ)-3
IF (TIME.GT.SSTOPH) GO TO 190
DEDTP-1.25E8/XMW(H)*FLOAT(NATOH(H))
DPDTP-8.3lE7/XMW(M)/V(J)*FLOAT(NATOM(H))
DELRO-1 ./V(J)-1 ./(V(J)-DV(J))
ZSTAR-0.0
IF (ZFM(J).GT.10.0) ZSTAR-ZFH(J)
NEH-NELEM( H)
XNATO-6.02E23/XHW()/V(J)FLOAT(NATOM(H))
XN1=2 .43El5/XNATOH
ENU=1./V(J)/R1{O(M)
IF (ENU.LT.1.) GO TO 10

C
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C MATERIAL IS COMPRESSED
C

WI-2.0
W2-3.*EQSTG(M)
DES1mO.O
GO TO 90

C
C MATERIAL IS EXPANDED
C

10 ALF-EQSTH(M)+(EQSTG(M)-EQSTH(M))*SQRT(ENU)
IF (ABS(ALF-EQSTH(M)).LE..1.E-3) GO TO 20
GO TO 30

20 Wi-i.
GO TO 40

30 Wi-2. *(EQSTG(M)-ALF)/(ALF-EQSTH(M))
Wi-(2.+W1)/(1 .+Wl)

40 W2-i.5*ALF*Wi
Viu(V(J)-DV(J))*RH0(M)
ENU2-EQSTN(M)*(1 -V1)*Vi
IF (ENU2.LT .-10.0) GO TO 50
ESi0-EQSTE(M)*(1 -EXP(ENU2))
GO TO 60

50 ESIO-EQSTE(M)
60 V1'V(J)*RHOCM)

ENU2-EQSTNCM)*(1.-Vl)*V1
IF (ENU2.LT.-1O.O) GO TO 70
ES1N-EQSTECM)*(1 .-EXP(ENU2))
GO TO 80

70 ESlN-EQSTE(M)
80 DESi-ESlO-ESiN

C
C FIRST GUESS AT NEW TEMPERATURES
C

90 TEMPJ-TEMP(J)
IF (ZFM(J).GT.1O.O) GO TO 110
ITRY- 1

100 ZSTAR-ZSTAR+1
110 DEDT-DEDTP*(Vi4.3.*ZSTAR)

DPDTUIDPDTP* (W2+2. *ZSTAR)
TEMPJ-(TEMP(c7)*DEDT+sEADD(J)+DESI-CQ(J)+Qo(j))/2. *DV(J) )/(DEDT-V(J)
I **2*DPDT*DELRO)
TEMPJ-TEMPJ+(FO(J)-FO(J-1))*DTHH/ZM(J)/(DEDT-V(J)**2*DPDT*DELRO)
IF (TEMPJ.LT.300.0) TEMPJ-300.0
IF (TEMP(J).LT.1.2E4) GO TO 180
IF CZFM(J).GT.10.0) GO TO 180
IF (ITRY.EQ.2) GO TO 180
XTEV-TEMPJ/ 1 16E4
FXPC-XN.**TEMPJ**1 .5
ZSTAR1-0 .0
DO 170 NI-1,NEM
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N2mIELEH(M, Ni)
NT-N!E."L( N2)
DO 120 K-i ,NT

C AVOID EXP UNDERFLOW
ARGEP--XI(N2 ,K)/XTEV
EXPR-O0
IF (ARGEXP.GT.-675.) EXPR-EXP(ARGEXP)
XP -FXPC *EXPR
IF (XP.LT.FILOAT(K)) GO TO 130

120 CONTINUE
130 K-K-1

DO 160 11-1,10
IF (K.EQ.0) GO TO 140
XITMP-XI(N2,K)*FLOATCKl)/10.O*(XI(N2,K+1)-XI(N2,K))
GO TO 150

150 XP-FXPC*EXP( -XITMP/XTEV)
IF (XP.LT.FLOAT(K)+FLOAT(K1)I10.0) GO TO 170

160 CONTINUE
170 ZSTAR1uZSTAR1+AF(MN2)*(FLOAT(X)+FL0AT(Kl-1)/10.0)

IF (ZSTAR1.GT .ZSTAR) GO TO 100
ZSTAR-(ZSTAR.ZSTAR1)/2 .0
ITRY-2
GO TO 110

180 TEMP(J)-TEMPJ
190 CONTINUE

*IF DEF,B64
TEMP(J)-AMAX1CTEMP(J) ,300.O)

*END IF
*IF DEF,B32

TEMPCJ)-DMAX1(TEMP(J) ,3.D2)
*ENDIF

TEMPO(J)-TEMP(J)
ZFM(J)-ZFM(J)*FLOAT(NATOM(M))
IF (TEMP(J).GT.1.2E4.AND.J.GT.JHAT) JHATmJ
IF (TEMP(J).GE.301.0.AND.J.GT.JSTAR) JSTAR-J
IF (J.LE.Jl) GO TO 200
IF (TEMP(J).LT.301.0) ITER(J-0
IF (TEMP(J).LT.301.0) GO TO 210

200 CONTINUE
210 KPRIN-O

IF ((JTRY.EQ.2).0R.(JPRIN.EQ.1.AND.N/NPRIN*NPRIN.EQ.N)) IPRIN-l
C
C FIND NEW IONIZATION IN THE MESHES AND NEW ENERGY FLUXES AT IHE
C BOUNDARIES IF ITER(J) NOT EQUAL TO ZERO.
C

ICHCK-1
220 CALL FLOION

C
C NOW DETERMINE AMOUNT BY WHICH TEMPERATUR GUESSES ARE INCORRECT.
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C
JCOUNTm 1
Ji -MAXOC JSTAR ,JHAT)
CALL PT
NCOUNT-NCOUNT+ 1

C
IF (NCOUNT.LT.1004J1.OR.JCOUNT.EQ.Jl) GO TO 290
WRITE (6,550) NCOUNT,N,DTNE
DO 230 J-2,Jl
IF (ITER(J).NE.0) WRITE (6,560) J

230 CONTINUE
GO TO (240,280), JTRY
CALL GOTOER

240 F(l)-FO(l)

Mf5-1

DO 270 J-2,Jl
TEMP(J)-TXEEP(J)
X(J)-X(J)-U(J)*DTNH
IF (TSPALL(J).NE.1.234) GO TO 250
ES C s ) -xs is ) -USCHS )*DTNH
MS-MS+1

250 CONTINUE
V(J)-V(J)-DV(J)
DV(J)-O .0
P(J)-P(J)-Q(J)-QO(J)
SCJ)-P(J)-SD(J)
Q(J)-QO(J)

C
C SET SPALL FLAGS FOR ACTIVE ZONES FOR JTRY -1. USE SAME RULES AS
C FOR JTRY- 2
C

IF (J.GT".JBND(M)) NM-+l
IF (TSPALL(J).EQ.1.234) GO TO 270
IF CTSPALL(J).EQ.8.) GO TO 270
IF (TSPALL(J).EQ.7.) GO TO 260
IF (E(J).LT.EM(M)) GO TO 270
TSPALL( J)-7.

260 CONTINUE
IF (E(J).LT.EQSTE(M)) GO TO 270
TSPALL(J)-8.

270 F(J)-FO(J)
DTN-DTN-0 .2 *DTNH
DTNE-0.8*DTNH
JTEY -2
RETURN

280 ICOUNT-KCOUNT+l
IF (ICCOUNT.LT.10) GO TO 310O
WRITE (6,540)
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CALL EDIT
STOP 1

C
C CHECK TO SEE IF ALL MESHES HAVE CONVERGED TO A SATISFACTORY
C NEW TEMPERATURE. IF NOT, CALL FLOION.
C

290 IF (JCOUNT.EQ.J1) GO TO 310
DO 300 J-2,J1
IF (ITER(J).EQ.O.OR.ITER(J+1).EQ.0) GO TO 3OO
IF (ABS(TEMPO(J+1)-TEMPO(J)).LT.l.E2) GO TO 300
IF (TEvMPO(J).GT,.TEMPO(J+1).AND.TEMP(J).GT.TEMP(J+1)) GO TO 300
IF (TEMPO(J).LT.TEMPO(J+1).AND.T-EMP(J).LT6.TENP(J+1)) GO TO 300
TEMP(J)-CTEMP(J)*ZM(J)+TEMP(J+1)*ZM(J+ ) )/(ZM(J)+ZM(J+1))
TEMP(J*1 )-TEMP(J)

300 CONTINUE
IF (JCOUNT.LT.J1) GO TO 220

310 JTRY-1
IF (J1.EQ.JFIN) GO TO 330

C
C ADD ENERGY TO ZONES WHICH ARE NOT YET ACTIVE
C

J2-J1+1
DO 320 J-J2,JFIN
IF (J-1.EQ.JBND(M)) M-H-U
E(J)=E(J)+EADD(J)+(F(J)-F(J-1) )/ZM(J) *DNH
TEMP(J)-E(J) SXHW(M) /FLOAT(NATOH(H) )/2. 50E8
IF (EADD(J).EQ.O.O) TEMP(J)-300.O
EADD(J)-O.O
P(J)-2 .493E8*EQSTG(M)/XMW(M)/V(J)*(TEMP(J)-3O0.)
IF (P(J).LT.0) P(J)-0O
SC J)-P(J)-SD(J)

*IF DEF.B64
PSMAX(J)-AMAXI(PSMAX(J) ,S(J))
PSMIN(J)-AMIN1(PSMIN(J) ,S(J))

*ENDIF
*IF DEF,B32

PSMAX(J)-DMAX1(PSMAX(J) .5(J))
PSMIN(J)-DMIN1(PSMIN(J) .5(J))

*ENDIF
320 CONTINUE

C
C CALL FLOION ONE MORE TIME TO CALCULATE ENERGY DEPOSITION RATES IN
C THE ZONES FOR THE NEXT CYCLE
C

330 ICHCKmO
IF (TIME.GT.SSTOPM) GO TO 340
IF (N,NDEP*NDEP.EQ.N) CALL FLOION

340 1ICHCK- 1
C
C STORE VALUES OF NEWLY FOUND VARIABLES, FIND SMAX AND JSMAX,
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C CALCULATE SHOCK SPEEDS IN THE MESHES, FIND ZONE WHICH
C CONTROLS NEXT TIME STEP AND SK2M IN THAT ZONE.
C FIND LARGEST STABLE ENERGY TRANSFER TIME, DTRC, AND ZONE NUMBER
C IN WHICH THIS OCCURS, ALSO FIND SMALLEST TIME IN WHICH SOME ZONE
C ENERGY WILL BE ALTERED BY 20 PERCENT DUE TO ENERGY TRANSFER ONLY
C THIS TIME IS CALLED DTPRIM
C

DTRC-1.0
DTRC1-0.0
JTR-O
SMAX-0.0
SK2M-0.0
DTPRIM-10
M-1
MS-1
DO 530 J-2,Jl
IF (J-I.EQ.JBD(M)) M-M+l
ZFM(J)-ZFM(J) /FLOAT(NATOM(M))
IF (ITER(J).NE.0) TEMP(J)-TKEEP(J)
IF (ITER(J).NE.0) GO TO 350
P(J)-PN(j)
E(J)-ET(J)

350 S(J)-P(J)-SD(J)
C
C SET SPALL FLAGS FOR MELT AND VAPORIZATION UNLESS MATERIAL
C HAS ALREADY BEEN SPALLED.
C

IF (TSPALL(J).EQ.1.234) GO TO 370
IF (TSPALL(J).EQ.7.) GO TO 360
IF (TSPALL(J).EQ.8.) GO TO 370
IF (E(J).LT.EM(M)) GO TO 370
TSPALL(J)-7.

360 CONTINUE
IF (E(J).LT.EQSTE(M)) GO TO 370
TSPALL(J)-8.

370 CONTINUE
IF (TSPALL(J).EQ.1.234) MS-MS+l

*IF DEFB64
PSMAX(J)-AMAX1(PSMAX(J) ,S(J))
PSMIN(J)-AMIN1(PSMIN(J),S(J))

'ENDIF
*IF DEF,B32

PSMAX(J)-DMAX1(PSMAX(J), S(J))
PSMIN(J)-DMINI(PSMIN(J) ,S(J))

*ENDIF
IF (ABS(S(J)).LT.ABS(SMAX)) GO TO 380
SMAX-S(J)
JSMAX-J

380 V-RHO(M)*V(J)
ENU-i./Vl
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EMUwi /Vl-l.
IF (EMU.LT.O.) GO TO 410

C
C MATERIAL IS COMPRESSED.
C

DXZ-O.3325*(3.*EQSTG(M)+ZFMCJ))/(2.+ZFM(J))/RHO(M)
XZm1.-DXZ*RHO(M)*(l.-ENU)
XZ2-XZ* *2
DXY2m2. *DXZ*RHO(M)*(E(J)-EI(J))
XY2-DZY2/V( J)
IF (CUSPA(M).LE.0.) GO TO 390
ARG-EMU-CUSPA( M)
IF (ARG.LE.0 .) GO TO 390
XY1=CUSP1(M)+CUSPC(M)*ARG+CUSPD(M)*ARG**2+CUSPS(M)*ARG**3
DXYI-CUSPC(M)+2. SCUSPDCM)*ARG+3.*C3SPS(M)*ARG**2
GO TO 400

390 XY1-((EQSTS(M)*EMU+EQSTD(M))*EMU+EQSTC(M))*EHU
DXY1-(3. *EQSTS(M)*EMJ+2.*EQSlITD(M))EMT+EQSTC(M)

400 DPDROu-((XY+XY2)DXZ-XZ*(DXYl/RHO(M)+DXY2))/XZ2
DPDRO--l. *DPDRO
DEDT-2.5E8/XW(M)*(l.+ZFM(J)/2.)*FLOAT(NATOM(M))
GO TO 440

C
410 ALF-EQSTH(M).I(EQSTG(M)-EQSTH(M))*SQRT(ENU)

IF (ABS(ALF-EQSTH(M)).GT.1.E-3) GO TO 420
Wi-i .0
GO TO 430

420 Wlw2.*(EQSTG(M)-ALF)/(ALF-EQSTH(M))
Wlm(2.+Wl)/(i .+Wl)

430 DPDRO-P(J)*V(J)*C1.O+0.665*(1.5*ALF*Wl+ZFM(J))/(Wl+ZFM(J)))
DEDT-1 .25E8/XMW(M)*CWl+ZFM(J))*FLOAT(NATOM(M))

C
C CALCULATE SHOCK SPEEDS IN MESHES AND THE QUANTITY (1. /SMALLEST
C REQUIRED HYDRO TIME STEP).
C

440 IF (DPDRO.GT.0.) GO TO 450
Viwi . ENU
ENU2-EQSTN(M) *(1 -Vi) *V1
EXPR-0.
IF (ENU2.GT.-675.) EXPRuEXP(ENU2)
ES1-EQSTE(M)*(l.-EXPR)
ESIO-FLOAT(NATOM(M) )/XMW(M)
TREFiES/(2.5E8*ES1O0*(l.+.5*ZFM(J)))
DFDT-(TEMP(J)-TREF) *ES1O
IF (DFDT.EQ.0.) DFDT--l.
DPDTEQSTE(M)/(2.5E8*(l.+.5*ZFM(J)))
DPDT -DPDT*EXPR *EQSTN (M)
DPDT-DPDT*(2. V1*S3..V*Vl)/RHO(M)
DPDRO-DPDRO+P(J) *DPDT/DFDT
IF (DPDRO.LE.0.) GO TO 460

A- 47



HYPT3F SOURCE LISTING

450 CS(J)-SQRT(DPDRO)
460 CONTINUE

DXZ-Z( J)-X(J-1)
IF (TSPALI,(J).EQ.1.234) DXZ'XS(MS)-X(J-1)
IF (MFLAG(M).GT.0.AND.J.GT.JB(M)) GO TO 470

C
C CALCULATION OF MAXIMUM TIME STEP FOR NONDISPERSIVE MATERIAL
C

SK2M1-CS(J)/DXZ
IF (Q(J).GT.0.) SI2MSK2M+(2.*Cl*CS(J)-4.*CO*CO*DV(J)*ZM(J)/D-nH

1 )/DXZ~
GO TO 480

470 CONTINUE
C
C CALCULATION OF MAXIMUM TIME STEP FOR DISPERSIVE MATERIAL
C

DU-U(J)-U(J-1)
IF (TSPALI1(J).EQ.1.234) DU-US(MS)-U(J-1)

*IF DEF,B64
XX-2.*EQSTA(M)*(RHO(M)*CH(M))**2(OMEGA(M)*CS(J)*ZM(J)/V(J))+2.*CO
1 *CO*(ABS(AMIN1CDu,o.o)))/CS(J)

*ENDIF
*IF DEF,B52

Xfl2 *EQSTACM)*(PJO(M)*CH(M))**2/(OMEGA(M)*CS(J)*ZM(J)/V(J))+2.*CO
1 *CO*(ABS(DMINI(DU,O.DO)))/CS(J)

*ENDIF
XXX.1 .+VAMU(J)/(CS(J)**2/V(J))
SX2M1..(CS(J)/DXZ)*(XXX/(-XX+SQRT(XXXXiXXX*(l.+8.*(RHO(M)*CH(M)/
1 (OMEGA(M)*ZM(J)))**2))))

480 IF (SX211-SX2M1) 490,490,500
490 SK2M-SK2M1

500 CONTINUE
C
C REDUCE ALLOWABLE TIME STEP IF NUMBER OF ITERATIONS ON TEMPERATURES
C IS GREATER THAN ( 40+Jl)
C

IF (NCOUNT.LT.40+Jl) GO TO 510
*IF DEF,B64

SK2M-AMAX1(SK2M,O 81/DTNH)
ENDIF
*IF DEF,B32

SK2M-DMAX1 (SX2M,0.81 /DTNH)
*ENDIF

JrS -0
510 CONTINUE

C
C CALCULATE THE MINIMUMI TIME OVER ALL MESHES IN WHICH THE ENERGY
C WILL HAVE BEEN ALTERED BY ONE PERCENT DUE TO ENERGY
C TRANSTER ALONE.
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C
IF (IDIF.NE.0.AND.ICON.NE.0) GO TO 520
IF (F(J).EQ.F(J-1)) GO TO 520
DTPRI ABS(.01*E(J)*ZM(J)/(F(J)-F(J- 1)))
IF (DTPR1.GT.DTPRIM) GO TO 520
DTPRIM-DTPRI
JTR-J

520 ZFM(J)-ZFM(J)*FLOAT(NATOM(M))
EADD(J)-0.

530 CONTINUE
C
C CALCULATE THE TOTAL ENERGY RERADIATED FROM THE FRONT AND REAR
C SURFACES OF THE MATERIAL UP TO THE CURRENT TIME
C

RERADRERAD+(F( 1 )-F(JFIN) )/4.186E7'DTNH
RETURN

C
540 FORMAT (83H0s**** PROBLEM SHUT-DOWN BECAUSE OF REPEATED NON-CONVER

IGENCE OF TEMPERATURES ***** )
550 FORMAT (57H ITERATION FOR NEW TEMPERATURES DISCONTINUED AT NCOUNT

1- ,I10,3X,9H CYCLE - ,I10,3X,6HDTNH -,EO.3)
560 FORMAT (10H J EQUALS ,Il0,SX,17HHAS NOT CONVERGED)

END
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*DECK FINDRZ

SUBROUTINE FINDRZ (DX,DT,N.RZ1)
SIF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H, O-Z)
*ENDIF

C
C FINDRZ CALCULATES THE COMMON RATIO OF A GEOMETRIC PROGRESSION OF
C FINDRZ CALCULATES THE COMMON RATIO OF A GEOMETRIC PROGRESSION OF
C N TERMS, WITH AN INITIAL CELL SIZE OF DX AND A TOTAL SIZE OF DT.
C

S-i.
RZI-O.
DR-1.

10 CONTINUE
RZ1-RZ1+S*DR
IF (RZI.EQ.1.) GO TO 20
D1 -DX* (RZI **N-1. )/(RZ1-1. )
GO TO 30

20 CONTINUE
Dl -N*DX

30 CONTINUE
IF (S.GT.O..AND.D1.LT.DT) GO TO 10
IF (S.LT.O..AND.D1.GT.DT) GO TO 10
S--S
DR-.5*DR
D2-(DT-DI )/DT
IF (ABS(D2).GT.l.E-6) GO TO 10
RETURN

C
C** THIS PROGRAM VALID ON FTN4 AND FTN5 "

END
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*DECK FLOION

SUBROUTINE FLOION
*IF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H,O-Z)
*ENDIF
C

REAL LGDEL
C
*CALL BLANK
*CALL AA
*CALL AB
*CALL AC
* CALL EQFL

*CALL INDX
C THIS ROUTINE CALCULATES THE DEGREE OF IONIZATION IN THE MESHES
C AND THE ENERGY FLOW ACROSS MESH BOUNDARIES WHEN GIVEN
C MESH VOLUMES AND TEMPERATURES.
C

ICHCK1-ICHCK+i
M-1
NKEEP-N
DO 10 J-2,JFIN

10 XFX(J)-O.O
C
C CALCULATE THE IONIZATION OF EACH ELEMENT OCCURING IN EACH MESH
C

DO 130 J-2,JFIN
IF (J-1.EQ.JBND(M)) M-M+I
NEM-NELEM(M)
IF (J-JHAT) 30,30,20

20 CONTINUE
GO TO (120,130), ICHCKI
CALL GOTOER

30 IF (ITER(J).EQ.O.AND.ICHCK.EQ.1) GO TO 130
IF (TEMP(J)-1.2E4) 40,40,50

40 IF (EI(J).GT.1.E-20) GO TO 50
GO TO (120,130), ICHCK1
CALL GOTOER

50 CALL SAHA
C
C IONIZATION LEVELS OF ALL ELEMENTS ARE CHOSEN PROPERLY - THE
C ENERGY USED IN CAUSING IONIZATION IN MESH J IS CALCULATED AND
C THE IONIZATION LEVEL IN EACH ELEMENT AND THE LEVEL FOR THE
C MATERIAL ARE STO..ED
C

EI(J)-O.O
DO 70 NI-1,NEM
N-IELEM(M ,Ni)
CN-K MAX(N)
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DO 60 K-1,KN
L-NI(K.N)
IF (L.LE.O) GO TO 60
EI(J)-EI(J)+R(K,N)*EN(N,L)*AF(M,N)•FLOAT(NATOM(M))*9.632E 1/XMW(M)
IF (J.NE.JTS) GO TO 60
IF (KPRIN.EQ.1) WRITE (6,190) MATL(M),NAMEL(N),KNLJ,EI(J),R(K.N)
1 ,EN(N,L),AF(M,N)

60 CONTINUE
70 ZF(NJ)-ZFi(N)

ZFM( J)-ZSTAR
IF (MCOUNT.GT.500) GO TO 80
IF (ABS(ZSTAR-ZSTAR1).GT.O.0i*ZSTARi.AND.ZSTAR.GE.l.E-40) GO TO 80

C
IF (ICHCK.EQ.0) GO TO 110
IF (XPRIN.EQ.O) GO TO 130
IF (J.NE.JTS) GO TO 130

80 WRITE (6,200)
DO 90 NI-i,NEM
N-IELEM(M,Nl)
IF (IPLUSO(N)+IPLUS(N).EQ.O.AND.IPLUS(N).NE.O) WRITE (6,270) N

90 CONTINUE
WRITE (6.210) J,MCOUNT,NKEEPICHCX,TEMP(J),ZFM(J)
DO 100 Ni-iNEM
N-IELEM(M,N1)
KN=KMAX(N)

100 W'ITE (6.220) NAMEL(N),ZF1(N)
WRITE (6,230) (NI(KN),K-1.KN)
WRITE (6,240) (R(K,N),K-.KN)
IF (ICHCK.EQ.O) GO TO 110
GO TO 130

110 CALL OPAGUE
GO TO 130

120 CALL OPAGC
130 CONTINUE

IF (ICHCK) 140,150,140
C
C CALCULATE ENERGY TRANSMISSION ACROSS MESH BOUNDARIES
C
C IF IFLOW EQUALS 0 NO HEAT TRANSFER RATES ARE BEING CALCULATED
C THIS CYCLE.
C IF ITER(J) - 0 NO ENERGY TRANSMISSION AT ZONE BOUNDARY IS
C CALCULATED THIS CYCLE.
C IF ITER(J) - I TRANSMISSION AT BOUNDARY DUE TO DIFFUSION ONLY
C IS CALCULATED.
C IF ITER(J) - 2 TRANSMISSION AT BOUNDARY DUE TO CONDUCTION ONLY
C IS CALCULATED
C IF ITER(J) - 3 TRANSMISSION AT BOUNDARY DUE TO DIFFUSION AND
C CONDUCTION IS CALCULATED.
C IF ITER(J) EQUALS 4 THEN IFLOW EQUALS ZERO ALSO
C
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140 UT (IFLwv.EQ.0) Go To 180
CALL TRANlS?
IF (J1.EQ.JFIN) GO TO 180
ZLAM1(Jl.1)-O.O
XLAII2(Jl+1)-0.O
GO TO 180

150 IF (NKEEP/NPRIN*NPRIN.NE.NKEEP) GO TO 180
NKEAP-NXEEP+ 1
DO 170 NS-1.NSPEC
IF (SS(2,NS)) 170.170,160

160 WRITE (6,250) NKEAPNS
WRITE (6,260) (SS(JNS).J-1,JFIN)

170 CONTINUE
IF (IFLjOW.EQ.0) GO TO 180
WRITE (6,280)
WRITE (6,260) (F(J),J-1,JFIN)

C WRITE (6,200)
C WRITE (6,270) (XFX(J),J-1,JFIN)

180 N-NKEEP
RETURN

C
190 FORMAT (7HOFLOION,2(1X.A1O),5H IN -,I3,4H L -,13,4H J -,13,8H EI(J

1) -,1PE1O.3,9H RCK,N) ',1PE1O.3,1OH EN(N,L) -,1PE1O.3/1OX,.1OH AF(M
2,N) -,1PE1O.3/)

200 FORMAT (//)
210 FORMAT (30H1 CALCULATED, FLOION SUBROUTINE/1OX,4HJ a ,15,10X,9HMCOU

l1lT - ,15,1OX,8HCYCLE - .15,1OX,7HICHCK -,15/1OX.13HTEMPERATURE -
2 ,ElO.3.1OX, 12HIONIZATION -,E1O.3/)

22C FORMAT (15HOIONIZATION IN .AlO,2H- ,ElO.3)
230 FORMAT (23HOIONIZATION LEVELS ARE *IIO,7(lH,,IIO))
240 FORMAT (28HOFRACTIONAL POPULATIONS ARE ,ElO.3,7(lH-.E1O.3))
250 FORMAT (//26H1 DEPOSITION EDIT FOR CYCLE.I10,2X,10HAND SOURCE.I10/2

I7H1 UNITS ARE ERGS/GRAM/SECONDI)
26C FORMAT (lP1OE12.4)
27C FORMAT (5611 THERE IS ANl UNCONTROLLED JUMP IN IONIZATION IN ELEMENT

1 .12)
280 F' RMAT (//5711 FLUXES INTO THE NESHES IN UNITS OF ERGS, SQUARE CM/SE

iCOND)
END
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*DECK GENRAT
SUBROUTINE GENRAT

*IF DEF,B32
IMPLICIT DOUBLEPRECISION( A-H,O-Z)

* ENDIF
C
C
C
C IMPORTANT VARIABLES LOCAL TO THIS SUBROUTINE
C
C CALPA CALORIES ABSORBED IN ZONE
C DX USED AS FIRST ZONE SIZE IN INPUT
C EITOT THE TOTAL SOURCE STRENGTH*COSINE OF ANGLE OF
C INCIDENCE COMPUTED FOR EACH SPECTRUM.
C EPG ERG/GRAM ABSORBED IN ZONE
C EPREV USED IN CALCULATIONS OF ENERGY OF X-RAY EDGES
C AND IONIZATION POTENTIALS TO STORE THE ENERGY
C OF THE PREVIOUS NUCLEUS-ELECTRON CONFIGURATION
C ERGPA ERGS ABSORBED IN ZONE
C EOI THE ENERGY OF A NUCLEUS-ELECTRON CONFIGURATION
C NRZC ZONE CONTROL. IF POSITIVE, NRZC - THE NUMBER OF
C REGIONS FOR WHICH A ZONE SIZE RATIO AND NUMBER OF
C ZONES WILL BE SPECIFIED. IF NEGATIVE, NRZC IS A
C FLAG TO INDICATE THAT THE ZONE SIZES ARE TO BE
C CALCULATED WITHIN THE PROGRAM.
C SCREEN TEMPORARY STORAGE FOR THE SLATER SCREENING
C CONSTANTS -- ONE FOR EACH S+P, D, AND F
C SUB-SHELL
C SUMCAL TOTA&, CALORIES/CM**2 ABSORBED UP TO AND
C INCLUDING THIS ZONE
C
C
C
*CALL BLANK
*CALL AA
*CALL AB
*CALL AC
*CALL EQVP
*CALL PLOTCM
*CALL RZCOM
*CALL SPLLC

DIMENSION ASAVE(5), NSAVE(15), SCREEN(14)
C

REAL LGDEL
C
C READ PROBLEM DESCRIPTION. PROBLEM CONTROL VARIABLES, AND
C OUTPUT CONTROL VARIABLES.
C

READ (5,1740,END-10) (DISCPT(I),I-1,8)
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10 READ (5.*,END-2O) NSPEC,NTEDT,NJED)IT,LOZHIZ,ILOG,ILIN1,ICON,ID)IF
WRITE (6,1920)
WRITE (6,1740) (DISCPT(K),K-1,8)
WRITE (7,1740) (DISCPT(K),K-1,8)
WRITE (9,1740) (DISCPT(K),Km1,8)
WRITE (9,2170)
WRITE (6,1760)
WRITE (6,2040) ICO1N,IDIF

20 IF (NTEDT) 40.40.30
C FORMAT WAS BE10

30 READ (5,*,EN.,40) (TEDIT(I),I-1,NTEDT)
40 IF (NJEDIT) 60,6C,50

C FORMAT WAS 8110
50 READ (5,',,END-6O) (HTLN(I),DSTF(Ii),I-1,NJEDIT)

C FORMAT WAS 8110
60 READ (5,*,END-70) NRZC,NMTRLS,JRZL,JZPUL,NPRIN,NTAPE,NREZON,JCYCS

C
C SET DEFAULT VALUES FOR JRZL, JZPUL, NPRIN, NTAPE, NREZON.
C

70 IF (JRZL.EQ.0) JRZL-25
IF (JZPUL.EQ.0) JZPUL-50
IF (NPRIN.EQ.0) NPRIN-20
IF (NTAPE.EQ.O) NTAPE-100

C
C DEFAULT FOR NREZON WILL INHIBIT REZONING.
C

IF CNREZON.EQ.O) NREZON-JCYCS
NREZON-HAXO(NREZON .25)
WRITE (6,1750) NRZCNMTRLS,JRZL,JZPUL,NPRIlq,N'rAPE,NDEP,LOZHIZ,JFIN

1 ,JCYCS,NREZON
READ (5,*,END-8O) RSCRIT,RZCORZC1

80 IF (RSCRIT.EQ.0.) RSCRIT-1./FLOAT(JZPUL)
IF (RZCO.EQ.0.) RZCOw1./FLOAT(JRZL)
WRITE (6,1790) RSCRIT",RZCO,RZC1

C FORMAT WAS BE10
READ (5,*,ENDm9o) CKSTS,ANGLE,DTMIN.DIFTST,NDEP,JPRIN,ION

C
C READ MATERIAL 2:)NING CONSTANTS AND INITIAL HYDRO TIME STEP.
C

90 IF (NRZC.LE.0) GO TO 140
NMT-NMTRLS- 1
IF (NMT) 110,110,100

C FORMAT WAS 8110
100 READ (5,*,END-110) (JBND(M),M-1.NMT)

C FORMAT WAS 8110
110 READ (5,*,END.120) JFIN,(NZ(L),L-1,NRZC)

C FORMAT WAS 8E10
120 READ (5,*,ENDu13O) DX,TIME,(RZ(M),M-1,NRZC)
130 GO TO 160
140 CONTINUE
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NRZC-0
READ (5,*,END-150) TIME,(RZ(M),M-1,NMTRLS)

150 DX-0
.160 CONTINUE

C
c THIS CHANGE BY DLJ 2 JUN 88 TO ALLOW FOR DELAYED DEBUG OUTPUT
C IF JPRIN - 0. NO DEBUG -- SAME AS BEFORE
C IF DEBUG WANTED, INPUT JPRIN - CYCLE NUMBER AT WHICH THE DEBUG
C PRINTOUT IS TO START.
C

NDBG-JPRIN
IF (NDBG.LE.0) NDBG-JCYCS+i
IF (JPRIN.GE.1) JPRIN-1
WRITE (6,1840) ANGLETIME,CKS,TS,NDEP
DTN-TIME
DTNH-TIME
DX-DX/RZ(1)

C
C READ NUMBER OF ELEMENTS IN THIS PROBLEM AND NUMBER OF X-RAY
C ABSORPTION EDGES TO BE INPUT FOR EACH.
C
C FORMAT WAS 8110

READ (5,*,END-170) NELT
C FORMAT WAS 8110

170 READ (5,*,END-180) (NOE(N),N-1,NELT)
C
C READ IN DATA FOR EACH ELEMENT AND MAKE NECESSARY INITIAL
C CALCULATIONS FOR EACH
C

180 DO 910 N-1,NELT
C FORMAT WAS 21l0,AlO,E1O

READ (5,1710,END-190) NAMEL(N)
190 READ (5,*,END-200) NTBL(N),NVARE(N),XAW(N)
200 IT-NOE(N)

C FORMAT WAS 8E10
READ (5,*,END-210) (AA(N,I),B(N,I),EDGE(N,I),I-1.IT)

210 IF (NVARE(N)) 250,250,220
220 IT-NTBL(N)

C FORMAT WAS 8El0
READ (5,*,END-230) (XI(N,J),J-1,IT)

230 EN(N,I)-XI(N,1)
DO 240 J-2,IT

240 EN(N,J)-EN(N,J-1)+XI(N,J)
NOEC(N)-MINO(NOE(N),19)
GO TO 910

C
C ALL POSSIBLE EDGES OF AN ELEMENT MUST BE INPUT FOR THIS ROUTINE
C TO OPERATE PROPERLY.
C
C THIS ROUTINE CALCULATES THE ENERGIES OF THE ABSORPTION EDGES OF
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C THE ELEMENTS -- EDGEC(ELEMENTEDGE), THE ENERGY OF ALL POSSIBLE
C IONIZATION STATES OF THE ELEMENTS -- ENIK(ELEMENTION), THE
C IONIZATION POTENTIAL OF EACH IONIZATION STATE --
C XI(ELEMENT,ION), AND THE ENERGY USED IN IONIZATION TO THIS
C STATE.
C

250 ESUM-O.
IBB-O
1i-NTBL(N)
DO 260 X-1,15
DO 260 KK-1,14
EBB(N,K,XK)-O.O

260 CONTINUE
DO 890 K2-1,K1
IF (K2.NE.l.AND.ION.EQ.O) GO TO 550
DO 270 K-1,14

270 NSPDF(K)-O
DO 280 K-1,19
NSUM(K)-O

280 NGRUP(K)-O
NELEC-Kl+l-K2

C
C FIND THE NUMBER OF ELECTRONS IN EACH SUB-SHELL FOR THIS ION STATE
C WHEN ION EQUALS 1...

IF (NELEC-78) 310,310,290
290 DO 300 K-1,6
300 NGRUP(K+13)-ITBL(NELEC,K)

GO TO 450
310 IF (NELEC-e9) 340,340,320
320 DO 330 K-1,6
330 NGRUP(K+10)-ITBL(NELECK)

GO TO 470
340 IF (NELEC-46) 370,370,350
350 DO 360 1-1.6
360 NGRUP(K+9)-ITBL(NELEC,K)

GO TO 480
370 IF (NELEC-28) 400,400,380
380 DO 390 K-1,6
390 NGRUP(K+6)-ITBL(NELECK)

GO TO 500
400 IF (NELEC-1O) 430,430,410
410 DO 420 K-1,6
420 NGRUP(K+3)-ITBL(NELEC,K)

GO TO 520
430 DO 440 K-1,6
440 NGRUP(K)-IT'BL(NELEC,K)

GO TO 540
450 DO 460 K-1,3
460 NGRUP(K+10)-ILTBL5(K)
470 NGRUP(10)-ILTBL4(1)
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480 DO 490 K-1,3
490 NGRUP(K 6)-ILTBL3(K)
500 DO 510 K-1.3
510 NGRUP(K+).,-ILTBL2(K)
520 DO 530 X&1,3
530 NGRUP(K)-ILTBL1(K)
540 CONTINUE-

GO TO 580
C CALCULATE THE NUMBER OF ELECTRONS IN EACH SUB-SHELL FOR THIS ION
C STATE WHEN ION EQUALS 0 ...

550 NELEC-Kl+l-K2
DO 560 K-1,19
IF (NGRUP(20-K)) 560,560,570

560 CONTINUE
570 NGRUP(20-K)-NGRUP(20-K)-l

C
C CALCULATE THE NUMBER OF ELECTRONS IN EACH OF THE SUB-SHELL
C GROUPS NEEDED IN SCREENING CONSTANT CALCULATIONS --

C
580 NSPDF(1)-NGRUP(1)

NSPDF(2)-NGRUP(2)+NGRUP(3)
NSPDF(3)-NGRUP(4)+NGRUP(5)
NSPDF(4)-NGRUP(6)
NSPDF(5)-NGRUP(7)+NGRUP(8)
NSPDF(6)-NGRUP(9)
NSPDF(7)-NGRUP(10)
NSPDF(8)-NGRUP(11)+NGRUP(12)
NSPDF(9)-NGRUP(13)
NSPDF(10)-NGRUP(14)
NSPDF(11)-NGRUP(15)+NGRUP(16)
NSPDF(12)-NGRUP(17)
NSPDF(13)-NGRUP(18)
NSPDF(14)-NGRUP(19)

C
C CALCULATE THE TOTAL NUMBER OF ELECTRONS UP TO AND INCLUDING
C THOSE IN EACH SUB-SHELL...
C

NSUM1-0
DO 590 K-1,19
NSUM1-NSUM1+NGRUP(K)

590 NSUM(K)-NSUMI
C
C FIND THE NUMBER OF SUB-SHELLS ASSOCIATED WITH THIS ATOM (K2-1)
C OR ION (K2 GREATER THAN 1) -- IN CASE OF THE ATOM STORE THIS
C NUMBER AS NOEC(N) (NUMBER OF EDGES CALCULATED), ALSO STORE THE
C NUMBER OF ELECTRONS IN EACH SUB-SHELL AS NION, FOR LATER USE --
C FOR BOTH ATOM AND ION FIND THE NUMBER OF COMPACTED SUB-SHELLS
C AND CALL IT K3.
C

IFLAG-1
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DO 600 K-1,19
IF (NELEC-NSUM(K)) 610,610,600

600 CONTINUE
610 IF (NGRUP(K).NE.1) GO TO 620

IF (K.NE.2.AND.K.NE.4.AND.K.NE.7.AND.K.NE.11.AND.K.NE.15.AND.K.NE.
1 19) GO TO 620
IFLAG-2
IBB-IBB+1
NSAVE(IBB)-K2
NLEC(N,IBB)-K-1

620 IF (K2-1) 630,630,650
630 NOEC(N)-K

KN-NOEC(N)+l
DO 640 KK-1,K
IJX-KN-KK

640 NION(N, IJcK)-NGRUP(KK)
WRITE (6,1680) (NION(N,X-T),KK-1,19)
KN-ITABL(KN-1)

650 K3-ITABL(K)
K31-K3+1
IF (K2.GT.1) K1-1
IF (IFLAG.EQ.2.A4p.K2.NE.1) K31-K3

C
C FIND THE SCREENING CONSTANTS FOR THE SUB-SHELLS OF THIS ATOM OR
C ION WITH NO ABSORPTION EDGE ELECTRONS REMOVED -- USE THESE
C CONSTANTS TO CALCULATE THE ENERGY ASSOCIATED WITH THIS STATE
C OF THE ELEMENT -- STORE AS EION(ELEMENT,IONIZATION). ALSO,
C FIND THE SCREENING CONSTANTS FOR THE ATOM STATE OF THIS ELEMENT
C WHEN AN ABSORPTION EDGE ELECTRON HAS BEEN REMOVED -- USE
C THESE TO FIND THE ENERGY OF THIS ATOM AND THUS THE ENERGIES
C OF THE ABSORPTION EDGES.
C

DO 850 NG-1,K31
IF (NG-1) 670,670,660

660 NSTMP=NSPDF(NG-I)-1
NSPDF(NG-1)-MAXO(NSTMP,O)

C
C NG-1 IS THE SUB-SHELL ASSOCIATED WITH THIS ABSORPTION EDGS.
C
C CALCULATE THE SCREENING CONSTANTS
C

670 NPREVT=NSPDF(1)-NSPDF(2)
IF (K3.GE.5) GO TO 680
GO TO (720,710,700,690), K3
CALL GOTOER

680 NPREVS-NSPDF(3) NSPDF(4)
SCREEN(5)=FLOAT(Kl-NPREVT)-0.85*FLOAT(ZIPREVS)-0.35*FLOAT(MAX0

1 (NSPDF(5)-1,0))
690 SCREEN(4)-FLOAT(K!-NPREVT-NSPDF(3))-0.35*FLOAT(MAX(NSPDF(4)-I.0))
700 SCREEN(3)mFLOAT(KI-NSPDF(1))-0.85*FLOAT(NSPDF(2))-0.35FLOAT(MAX0
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1 (NSPDF(3)-l.O))
710 SCREEN(2)inFLOAT(K1)-0.85*FLOAT(NSPDF(l))-0.35*FLOAT(MAX0(NSPDF(2)-

1 1.0))
"120 SCREEN(l)-FLOAT(Kl)-O.3*FLOAT(MAXO(NSPDF(1)-1,O))

IF (X3.LE.5) GO TO 750
NPREVT-NPREVr+NPREVS
NPREVS-NSPDF( 5)
KKm 5

730 DO 740 K4-1,2
K5mKK+K4
SCENK)FOTK-PRV.NRV 03*LOTMX(SD(5-,0))
NPREvVSmNPREVS+NSPDF( K5)
IF (K3.LE.1C5) GO TO 750

740 CONTINUE
KK-KX+3

1 (NSPDF(KIC)-1,0))
NPREV'r-NPREVT+NPREVS
NPREVS-NSPDF(KK)
IF (IK.LT.K3) GO TO 730

C
C CALCULATE THE ENERGY OF THIS ATOM OR NUCLEUS-ELECTRON
C CONFIGURATION.
C

750 EOI-0.O
DO 760 K-1,K3

760 E0I-EOI+SCREEN(K)**2*FLOATCNSPDF(K))/XNSTAR(K)
EOI-13 .56*E0I
IF (NG.GT.1) GO TO 790
IF (K2.EQ.1) GO TO 770

C
C CALCULATE AND STORE THE VALUES OF THE IONIZATION POTENTIALS -

C XI(ELEMENT,IONIZATION) -- AND THE ENERGY USED IN IONIZATION -

C EW(ELEMENT,IONIZATION) -- AT THIS ION STATE.
C

XI(N,1C2-1 )uEPREV-E0I
EStfl'.ESUM+XI(N .K2-1)
EN(N.K2-1)u'ESUM

7710 EPREV-EOI
IF (K2.GT.1) GO TO 850
DO 780 K-1,K3
X4-K3* 1-K

780 SCRENO(N,K4)-SCREEN(K)
GO TO 850

C
C CALCULATE THE ENERGIES OF THE ABSORPTION EDGES AND STORE THEM
C AS EDGEC(ELEMENT,EDGE) AND STORE THE VALUES OF THE SCREENING
C CONSTANTS AND ELECTRON NUMBERS OF THESE SUB-SHELLS OF THE
C ATOM FOR LATER USE ..

A- 60



KTPUF SOURCE LISTING

C
790 IF (K2.NE.1) GO TO 800

EDGECCN,NG-1)w(EPREV-E0I)*1 .E-3
800 IF (IFLAG.EQ.1.OR.NG.GT.K3) GO TO 840

KTMP -1
NTMP-NLEC(N. IBB)i-
IF (NTMP.EQ.19.OR.NTMP.EQ. 15.OR.NTMP.EQ.11) KTMP-4
IF (NTMP.EQ.7) KTMPu3
IF (NTMP.EQ.4) KTMP=2
LTMP=-3
LLBND=K3+ 1-KTMP
LUBND-K3- 1
IF (LLBND.EQ.K3) GO TO 820
DO 810 K-LLBND,LUBND

810 SCREEN(1C3)-SCREEN(K3)-0.15*NSPDF(K)
820 EBBTMP-0.0

DO 830 K-1,K3
830 EBBTMPu.EBBTMP+SCREEN(K)**2*FLOAT(NSPDF(K))/XNSTAR(K)

K4-KN+2-NG
EBB(N,IBB,K4)-1 .356E-2*EBBTMP

840 NSPDF(NG-1 )-NSTMP+1
850 CONTINUE

IF (K2-1) 860,860,890
C
C REARRANGE THE NUMBERING OF THE EDGES SO THAT THE K EDGE
C OCCU1RS AS THE LARGEST NUMBER~ED OF THE EDGES AND THE S+P
C SUB-SHELL EDGES ARE ASSIGNED DOUBLY TO BOTH S AND P SUB-SHELL
C GROUPS.
C

860 K4=NOEC(N)
KL-ITABL(K4)
DO 870 K-1,KL

870 SCREEN(K)-EDGEC(N,K)
ICL-K4 +1
DO 880 K-1,K4
KX I TABL (K)
I JK-lcL-K

880 EDGEC(N,IJK)-SCREEN(KK)
890 CONTINUE

C
C CALCULATE AND STORE THE LAST XI, EX, AND EION ...
C

XI(N ,K1 )-EPREV
EN(N .K1)-EPREV
IF (KI .GE.2) EN(N,K1)-EN(N,K1)+EN(N,K1-1)
EION(N ,K1 )-0.
IF (JPRIN.GT.0) WRITE (6,1690) N,(EION(N,K),K-1,20)

C
C CALCULATE AND STORE THE VALUES OF BOUND-BOUND TRANSITION ENERGIES
C
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DO 900 K=1,15
DO 900 IK-1,14
IF (EBB(N.K.1CI).EQ.0) GO TO 900
Nl-NSAVE(K)
EBB(N ,K.KK)-EION(N,Nl)-EBB(N,K,KK)

900 CONTINUE
C

910 CONTINUE
C
C READ IN DATA FOR EACH MATERIAL
C

DO 1030 H-1.NMTRLS
C FORMAT WAS A10,2110

READ (5,1710.END-920) MATL(H)
920 READ (5.*,END..930) NVARN(M),NATOM(M)

C FORMAT WAS SE1O
930 READ (5,*,ENIDm940) RHO(N),.EQSTC(M),EQSTD(M),EQSTE('M),EQSTG(M)

1 .EQST-H(m) ,EQSTS(M) ,PMIN(M) ,ISPLLM(M) ,EM(N)
940 IF (EM(M).t1E.1.E7) EM(M),.4.186E7*EM(M)

C
C EM IS THE MELT ENERGY OF THE MATERIAL (ERGS/GM)
C
C ISPLLM IS A FLAG TO INDICATE WHICH MODEL PHIN AND TSPALL ARE
C BASED ON.
C
C FORMAT WAS 8E10

READ (5,*,END=950) CUSP1(M),CUSPA(M),CUSPC(M),CUSPD(M),CUSPG(M)
1 ,CUSPS(M)

C FORMAT WAS 8ElO
950 READ (5,*,END-960) Y0(M),AMU(M).YADD(M),YMU(M),XMW(M),LGDEL(M)

1 ,XCON(M)
960 E(2)-7.5E10*FLOAT(NATOM(M))/XMV(M)

EX(M).EM(M)+E(2)
EQSTE(M)mEQSTE(M)+E(2)
EQSTN(M)-EQSTC(M)/EQSTG(M)/ (EQSTE(M) *RHO(M))

C
C READ IV PARAMETERS FOR ELASTIC VISCOPLASTIC MODEL AND POSSIBLY
C FOR MAXWELL GEOMETRIC DISPERSION MODEL.
C

READ (5,*,END=970) EQSTA(M),OMEGA(M),PRELAX(M),SHEARR(M),TRELAX(M)
1 ,MFL1AG(M)

C
C IF MFLAG - 1, READ IN PARAMETERS FOR MAXWELL GEOMETRIC
C DISPERSION MODEL.
C

970 AMU2(M)-0.
TRELX2(M)-O.
IF (MFLAG(M).EQ.1) READ (5,-,END-980) ANU2(M),TRELX2(M)

980 CH(M)-SQRT(EQSTC(M)/RHO(M))
GOKE(M)-AMU(M)/EQSTC(M)
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GOIE2(M)-AMU2(M)/EQSTC(M)
C FORMAT WAS 8110

READ (5,*.END-990) NELEM(M)
990 IF (NELEM(M).LE.5) GO TO 1000

WRITE (6,1700) NELEM(M),MATL(M)
STOP

1000 CONTINUE
IT-NELEM(M)

C FORMAT WAS 8110
READ (5,*,END-1010) (IELEM(M,N),N-1,IT)

C FORMAT WAS 8E10
1010 READ (5,*,END-1020) (ASAVE(N),N-1,IT)
1020 DO 1030 N-1,IT

Nl-IELEM(M,N)
1030 AF(M,N1)-ASAVE(N)

C
C CALCULATE ZONING
C
1040 CONTINUE

C
C NRZC IS USED AS A FLAG TO INDICATE WHETHER ZONING IS TO BE
c CALCULATED BY EXPLICIT INSTRUCTIONS OR AUTOMATICALLY.
C NRZC .GT. 0 INDICATES ZONING IS DONE PER EXPLICIT INSTRUCTIONS
C NRZC .EQ. 0 INDICATES THIS IS THE FIRST GUESS AT AUTOMATIC
C ZONING. NRZC ,LT. 0 INDICATES THIS IS THE REVISED ZONING.
C

IF (NRZC.LE.0) CALL AZONE (DX,NRZC)
LZ-1
DO 1050 J=2,JFIN
IF (J.GT.NZ(LZ)) LZ-LZ+1
DX-DX*RZ(LZ)
X(J)-X(J-1)+DX
IF (NRZC.EQ.0) GO TO 1050
PSMAX(J)-O.
PSMIN(J)-O.

1050 CONTINUE
IF (NJEDIT.LE.0) GO TO 1080
IF (NRZC.LE.0) GO TO 1080
I-1
DO 1070 J-2,JFIN
IF (I.GT.NJEDIT) GO TO 1080
M-MTLN(I)
IF (M.GE.2) GO TO 1060
ASAVE(I)-DSTF(I)*X(JBND(M))
IF (X(J).LE.ASAVE(I)) JEDIT(I)-J
IF (X(J).GE.ASAVE(I)) I-I+l
GO TO 1070

1060 CONTINUE
K-M-i
ASAVE(I)-X(JBND(K))+DSTF(I)*(X(JBND(M))-X(JBND(K)))

A-6Z



HYPUF SOURCE LISTING

IF (X(J).LE.ASAVE(I)) JEDIT(I)-J
IF (X(J).GE.ASAVE(I)) I-I+l

1070 CONTINUE
1080 CONTINUE

C
C PRINT ALL NON-ENERGY SOURCE DEPENDENT DATA
C

WRITE (6,1800)
K-IABS( NRZC)
K-MAX0(K,2*NMTRLS-1)
WRITE (6,1810) (RZ(I).NZ(I).I-1,K)
IF (NRZC.EQ.0) GO TO 1290
IF (NJEDIT) 1100,1100.1090

1090 WRITE (6,1940) (JEDIT(I),I-1,NJEDIT)
1100 IF (NTEDT) 1110,1120,1110
1110 WRITE (6,1930) (TEDIT(I),I-I,NTEDT)
1120 WRITE (6,1970) NELT

WRITE (6,1960)
C

DO 1200 N-1.NELT
WRITE (6.1960)
WRITE (6,1980) NAMEL(N),N
IF (NVARE(N)) 1130,1130,1140

1130 WRITE (6,2090)
GO TO 1150

1140 WRITE (6,2100)
1150 IT-NOE(N)

WRITE (6,1890) IT,(AA(N.I).B(NI) ,EDG(N,I),I-1,IT)
IF (NVARE(N)) 1160,1160,1170

1160 WRITE (6,2050)
IT-NOEC(N)
WRITE (6,2060) IT,(EDGEC(N.I),I-1,IT)
WRITE (6,2070)
GO TO 1180

1170 WRITE (6,2080)
1180 WR7TE (6,1990)

IT-NTBL(N)
WRITE (6,2130)
WRITE (6,1750) (XI(N,J),J-1,IT)
WRITE (6,2130)
WRITE (6,2000)
WRITE (6,2130)
WRITE (6,1750) (EN(N,J),J-1,IT)
IF (JPRIN.EQ.0) GO TO 1200
WRITE (6,2130)
WRITE (6,2140)
WRITE (6,2160) (NLEC(NJ),J-1,6)
WRITE (6,2130)
WRITE (6,2150)
DO 1190 1-1.6
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1190 WRITE (6,1750) (EBB(N.I,J),J-1,14)
1200 CONTINUE

WRITE (6,21:30)
WRITE (6,1960)
JE 1-1
DO 1280 3-1,NMTRLS
WRITE (6.1960)
IF (JEND(M)) 1220,1210,1220

1210 JB2-JFIN
GO TO 1230

1220 JB2=JBND)(H)
1230 TNXNS-X(JB2)-X(JB1)

WRITE (6,1850) MATL(M),RflO(f),JB'L,JB2,THKNS
IF (NVARN(M)) 1240,1240,1250

1240 WRITE (6,2110)
GO TO 1260

1250 WRITE (6,2120)
1260 JE1'J32

WRITE (6,1860) EQSTC(M),EQSTD(M),EQSTE(M),EQSTG(M),EQSTH(M),EQSTS
1 (M),EQSTN(M),PMIN(N)
WRITE (6.1870) CUSP1(M),CUSPA(N).CUSPC(M),CUSPD(M),CUSPG(M),CUSPS
1 (M)
WRITE (6,1880) YO(M),AMU(M)-,TADD(H),YN'U(M),EQSTA(M),OMEGA(M)

1 PELAX(M),SHEARR(M),TRELAX(M),MFLAG(M),AI(U2(M),TRELX2(M)
WRITE (6,2010) XCON(M) ,XMW(M) ,NATOM(M)
IT-NELEMCH)
WRITE (6,2020) (IELEM(,N),N-1,IT)
NICEEP-l
DO 1270 N-1,10
IF (AF(AiN).EQ.O) GO TO 1270
ASAVE(NKEEP)-AFCN ,N)
NKEEP -NICEEP+ 1

1270 CONTINUE
WRITE (6.2030) (ASAVE(N),N-1,IT)

1280 CONTINUE
WRITE (6.1920)
IF (NRZC.LT.O) GO TO 1440

1290 CONTINUE
C
C READ ENERGY SOURCE DATA
C

ANGLE-COS(ANGLE/57 .2957795)
DO 1430 NS-1,NSPEC

C FORMAT WAS 8110
READ (5,*END1300) NHNU(NS),NEB(NS)

1300 NNU vTU(-S)
NEBSS. " S)

C FORMIAT v. -i E1O
READ (5,*.END-1310) START(NS),SSTOP(NS),(T(KX),EE(IK),ICK1,NBBS)

1 ,XPRIN
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1310 CONTINUE
*IF DEFB64

SSTOPM-AMAXI1 (SSTOPM, SSTOP(NS)).
"ENDIF
*IF DEF.B32

SSTOPM-DMAX1 (SSTOPM,SSTOP(NS))
ENDIF

IF (NNU) 1320,1350,1320
C
C FOR ARBITRARY SPECTRUM
C
C FORMAT WAS 8E10
1320 CONTINUE

READ (5,*,END-1330) (TBL(I),ES(NS,I),.1-,NNU)
1330 EITOT-O.

DO 1340 II-1.NNU
ES(NS,II )-ES(NS, II)*ANGLE*EE( 1)
EITOT-EITOT+ES(NS,II)

1340 CONTINUE
GO TO 1390

C
C FOR BLACK BODY SPECTRUM
C
1350 EITOT-O.

DO 1380 EK-I,NBBS
DO 1380 1-1,109
IF (1-99) 1360,1360,1370

1360 EITOT-EITOT+EE(K)*ANGLE*. 01
GO TO 1380

1370 EITOT-EITOT+EE(KK)sANGLE*.001
1380 CONTINUE

C
C ENERGY INPUT EDIT
C
1390 IF (NNU) 1410,1400,1410
1400 WRITE (6,1770) (TBL(I),I-1,109)

GO TO 1420
1410 IF (XPRIN.EQ.1.0) GO TO 1430

WRITE (6,1770) (TBL(I),I-1,NNU)
1420 WRITE (6,1960)

WRITE (6,1950) EITOT,NBBS,START(NS),SSTOP(NS)
WRITE (6,1820)
WRITE (6,1830) (T(I),EE(I),I-1,NBBS)
WRITE (6,1960)

1430 CONTINUE
XFX( 1 )-EITOT
XFL( 1 )-EITOT

C
C INITIALIZE SPALL COUNTERS
C
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IS-0
15)1-0

---------- SPALL-O
v.-40 CONTINUE

C
C INITIALIZE COUNTERS AND CONSTANTS
C

NRZ-50
CO-l.a
Cl-.25
IT-i

LINE-C
PDTPOS-O.
PDTN7EG-0.
I FLOW -0
IF (ICON.EQ.0.OR.IDIF.EQ.O) IFLOW-1
IF (NJEDIT) 1470,1470,1450

1450 DO 1480 I-i ,NJEDIT
1460 JORG(l)-JEDIT(I)
1470 CONTINUE

C
C CHECK INPUT DATA VALUES
C

IF (NPRIN.GT.O) GO TO 1490
WRITE (6,1720)

1480 STOP
1490 IF (JFIN.GT.l.AND.JFIN.LE.201) GO TO 1500

WRITE (6,1730)
GO TO 1480

1500 CONTINUE
C
C INITIALIZE ZONE VARIABLES
C

M-1
DO 1530 J-2,JFIN
YOZ(J)-YO(N)
V(J)-../RHO(M)
ZM(J)-(X(J)-XCJ-l ))*RHO(M)
TEl{P(J)-300.
E(J)-2.5E8/XNW(M)*TEMP(J)*FLOAT(NATOM(M))
GOVEREC J) -GOICE( N)
SD2(J)-O.
TSPALL(J)-ABS(PNIN(M))
IF (PMIN(M).EQ.0.) TSPALL(J)-l.El5

C
C TSPALL IS THE NUMERICAL VALUE OF THE SPALL CRITERIA.
C

IF (J-JEND(M)) 153.,1510,1530
1510 CCNTINUE
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IF (NRZC.EQ.0) GO TO 1520
EM(H)-EM(M)+L(J)
EQSTE(M)-EQSTE(M)4ECJ)

1520 CONTINUE
mN.

1530 CONTINUE
TSPALL( 1)-0.

C
C INITIALIZE SPALL VARIABLES.
C

DO 1540 1-1,50
SM(I)-0.
US(I)-O.
xsCI ) -0.

1540 CONTINUE
C
C CALCULATE ENERGY DEPOSITION
C

N-0
JHAT-0
ICHCK-0
CALL FLO ION
ICfCK. 1
IF (NRZC.NE.0) GO TO 1550
DX-X(2)+SQRT(EQSTC(1 )/RHO(1) )*SSTOPM
NRZC-- 1
GO TO 1040

1550 CONTINUE
C
C DEPOSITION EDIT
C

WRITE (6,1900) (DISCPT(I),I-1,8)
M-1
SUHCAL-0.
DO 1640 J-2,JFIN
EPG-0.
DO 1560 I-i ,NSPEC

1560 EPG-SS(J,I)*(SSTOP(I)-START(l))+EPG
IF (J-(JBND(M)+1)) 1580.1570,1580

1570 M-H+1
1580 IF (EG*EQSTG(M)-l.E7) 1590,1590,1610
1590 IF (JSTAR) 1600,1600,1610
1600 JSTAR-J
1610 IF (4.E-11*EPG*XW().GT.1.2E4) JHiAT-J+1

DX-X(J)-X(J-1)
ERGPA-EPG'RHO(M) *DX
CALPAu.ERGPA*1 .E-7/4. 186
SUMCA -SUMCAL+CALPA
WRITE (6,1910) J,DX, X(J),ERGPA,CALPA.sUMCAL,EPG,YOZ(J).ZI(J)
1 ,TSPALL(J)
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IF (MOD(J,50)') 1640,1620,1640
1620 IF (J-JFIN) 1630,1640.1640
1630 WRITE (6,1900) (DISCPT(I),I-1,8)
1640 CONTINUE

JHAT-MINO( JFI1N ,JHAT)
IF (JSTAR) 1650,1650,1660

1650 JSTAR-JFIN
1660 WRITE (6,1920)

C
C INITIALIZE PLOT VARIABLES.
C

DO 1670 1-1,201
PSMAX(I)-O.O
PSMIN(I)-oO0
PX(I)-O.O
IF (I.GT..JFIN) GO TO 1670
PX( I)-X( I)

1670 CONTINUE
JPRIN-O
RETURN

1680 FORM4AT ('0NION-',1916)
1690 FORMAT ('OEION',15/(1X,1P1OE12.4))
1700 FORMAT (15HOFATAL ERROR**,15,28H ELEMENTS INPUT FOR MATERIAL,A10,

1 16H, LIMIT IS 5 *S

1710 FORMAT (BZ,A1O)
1720 FORMAT (29HOERROR, - NPRIN MUST BE .GT. 0)
1730 FORMAT (41HOERROR - JFIN MUST BE .GT. 1 AND .LE. 201)
1740 FORMAT (EZ,8A10)
1750 FORMAT (8E1O.3)
1760 FORMAT (46H1 ***** THIS PROBLEM WAS RUN WITH HIRAD **

1770 FORMAT (13H1 TABLE VALUES/(1OE1O.3,/))
1780 FORMAT (I ,6X,4HNRZC,4X,6HNMTRLS,6X,4HJRZL,5X,5HJZPUL,5X,5HNPRIN,5X

1I 5!MTAPE,.6X,4HNDEP ,4X,6HLOZHIZ,6X,4HJFIN, 5X, 5HdCYCS ,4X,6HNREZON/1
2 1110)

1790 FORMAT (/,14X,'RSCRIT',6X.'RZCO',6X,'RZC1'/15X,1P3E10.3/)
1800 FORMAT (/12H1 ZONING USED/)
1810 FORMAT (3X,61 RATIO,1PE22.13,8H TO ZONE,I4)
1820 FORMAT (/17H BLACK BODY INPUT/)
1830 FORMAT (12H1 TEMPERATURE,5X,7H ENERGY/,1O(2El2.3,/))
1840 FORMAT (/5X,5EANIGL"E.6X,4HTIME,7X,3WHCKS,BX.211TS,6X,4HNDEP/4E10.3

1 .110)
1850 FORMAT (/25HCMATERIAL PROPERTIES FOR ,AlO/5X,4HRHO,IPE12.4,5X,"IHF

iROM J-,14,lX,5HTO JU,14,5X,11H-,HICKNESS -,1PE12.4)
1860 FORMAT (I lOX.5HEQSTC, lOX, 5HEQSTD, lOX, 5HEQSTE,1OX, 5HEQSTG. lOX, 5HEQS

1TH,1OX,5HEQSTS,10X,5HEQSTN,11X.4HPMIN/'IP8E15.5)
18710 FORMAT (/1oX,5HCUSP1,1oX.SHCUSPA,1oX,5HCUSPC.loX,si{CUSPD.lox,5HCUS

1PG, 1OX,5HCUSPS/1P8El5.5)
1880 FORMAT (/13X,2HYO,12X,3HAMu, 11X,4HYADD,12X,3HYMU,lOX.5HEQSTA,IOX,5

1 HOMEGA,9X,6HPRELAX.9X,6HSHEARR/1P8El5.5//9X,6HTRELAX.10X.SHMFLAG,
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2 11X.4HAMU2.9X,6HTRELX2/IPE15.5.I5,lP2E15.5)
1890 FORMAT (/.6H NOE -.13,19X,2HAA.14X,1HB,11X,4HEDGE/,20(15X.3El5.5')

1)
1900 FORMAT (1H1,8A10/3H0 J,5X,3H DX,12X,2H X,1OX.5H ERGS.10X,4H CAL.SX

I ,8H SUN CAL,SX,8H ERGS/GM.8X.4H YOZ,7X,10H ZONE MASS,GX,7H TSPALL
2 //)

1910 FORMAT (1H ,13,lP9E14.4)
1920 FORMAT (iH1)
1930 FORMAT (/15H "HE TEDITS ARE/(lOE10.3/))
1940 FORMAT (/15H THE JEDITS ARE/lOI0/)
1950 FORMAT (5X,5HEITOT,7X.3HNBB,5X,5HSTART,5X,5HSSTOP,/,E1O.3,I10,2E10

1 .3)
1960 FORMAT (II)
1970 FORMAT (//39H NUMBER OF ELEMENTS IN THIS PROBLEM IS ,IlO/)
1980 FORMAT (/12H ELEMENT IS ,A10,18HELEMENT NUMBER IS ,Il0)
1990 FORMAT C' IONIZATION LEVELS FOR ZERO TO COMPLETE IONIZATION (IN','

1 EV) ARE ')
2000 FORMAT C' IONIZATION ENERGIES PER ATOM (IN EV) FOR ZERO TO COMPL''

1ETE IONIZATION ARE ')
2010 FORMAT (/39H ATOM CONDUCTIVITY OF THIS MATERIAL IS ,ElO.3/38H MOLE

ICULAR WEIGHT OF THIS MATERIAL IS ,ElO.3/37H NUMBER OF ATOMS IN THI
2S MATERIAL IS ,I10)

2020 FORMAT (/50H ELEMENT NUMBERS WHICH OCCUR IN THIS MATERIAL ARE /10X
1 .7110)

2030 FORMAT (/38H ATOM FRACTIONS OF THESE ELEMENTS ARE /4X.7EI0.3)
2040 FORMAT (/,' IF ICON EQUALS ZERO CONDUCTIVITY IN THE VAPOR STATE

1 IS ASSUMED , ICON FOR THIS PROBLEM EQUALS '.I10/' IF IDIF EQUALS
2 ZERO DIFFUSION OF ENERGY IN THE MATERIALS IS ASSUMED , IDIF FOR T
3HIS PROBLEM EQUALS ',I0/)

2050 FORMAT (//' ENERGY OF THE EDGES WERE CALCULATED BY THIS CODE AS')
2060 FORMAT (/7H NOEC -,I%,37X,5HEDGEC/20(40X,E15.5/))
2070 FORMAT (//' IONIZATION POTENTIALS AND ENERGIES WERE CALCULATED BY

1 THE CODE FOR THIS ELEMENT')
2080 FORMAT (//' IONIZATION POTENTIALS AND ENERGIES WERE INPUT FOR THIS

1 ELEMENT')
2090 FORMAT (W' THE ABSORPTION CROSS SECTION OF THIS ELEMENT IS VARIABL

IE UNLESS THE MATERIAL IN WHICH IT OCCURS DOES NOT ACCEPT VARIABLE'
2 /X,14HCROSS SECTIONS)

2100 FORMAT (W' THE ABSORPTION CROSS SECTION OF THIS ELEMENT IS FIXED
1 AT ITS COLD VALUE')

2110 FORMAT (W' THE ABSORPTION CROSS SECTIONS OF THE ELEMENTS IN THIS
1 MATERIAL ARE VARIABLE UNLESS NVARE(ELEMENT) NOT EQUAL TO ZERO')

2120 FORMAT (W' THE ABSORPTION CROSS SECTIONS OF THE ELEMENTS IN THIS
1 MATERIAL ARE FIXED AT THEIR COLD VALUES')

2130 FORMAT ()
2140 FORMAT (37H SUB-SHELLS AT NTMP EQUALS ONE TO SIX)
2150 FORMAT (' BOUND-BOUND TRANSITION ENERGIES FOR NTMP EQUALS ONE TO

1 SIX')
2160 FORMAT (8110)
2170 FORMAT (1HO,4X,4HTIME,8X,5HEMVBX,7X,6HEMVBM,6X,6HEMVBM2,6X,6HEMVN
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1EG,61,SEVPOS ,7I. 5HRERADI/)
END
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*DECK HYDRO
SUBROUTINE HYDRO

*IF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H,O-Z)
*ENDIF
C
C IMPORTANT VARIABLES LOCAL TO THIS SUBROUTINE
C
C DAVG THE AVERAGE DENSITY FOR CURRENT AND PREVIOUS
C CYCLE
C DISTE THE SPECIFIC ENERGY USED THIS CYCLE IN CAUSING
C PLASTIC DISTORTION
C DOLD THE DENSITY DURING THE PREVIOUS CYCLE
C DU THE PARTICLE VELOCITY AT THIS ZONE BOUNDARY
C MINUS THAT AT THE PREVIOUS ZONE BOUNDARY
C EMU TIE QUANTITY ((RHO/RHOO)-1) -- IF LESS THAN ZERO
C THE MATERIAL IS CONSIDERED TO BE A VAPOR
C VELS THE VELOCITY STRAIN USED IN CALCULATING THE
C CHANGE IN DEVIATORIC STRESS IN THE DIRECTION
C OF PARTICLE MOTION DURING A HYDRO CYCLE --
C EQUAL TO DV*DAVG
C VMC THE VON MISES YIELD CRITERION REQUIRES VMC EQUAL
C 1.5*SD'*2 BE LESS THAY O.667*YIELDSTRENGTH**2
C
C *..* *_ *_ _ S *_ - *_ *_ *_ __ *_

C
* CALL BLANK
*CALL EQVP
*CALL PLOTCM
*CALL RZCOM
*CALL SPLLC
C DATA STATEMENT
C

DATA ONE, P, ZERO /1.,3.1415926536,0./
C
C ENERGY ADDITION FOR ZONES EACH HYDRO-STEP

IF (TIME.GT.SSTOPM) GO TO 90
DO 80 K-2,JFIN
EADD(K)-O.0
DO 70 I-I.,NSPEC
IF (TIME-START(I)) 70,70,10

10 IF (TIME-DTNH-SSTOP(I)) 20,70,70
20 IF (TIME-DTNH-START(I)) 30.30,40
30 EADD(K)-EADD(K)+SS(K,I)C(TIME-START(I))

GO TO 70
40 IF (T:ME-SSTOP(I)) 50,50,60
50 EADD(K)-EADD(K)+SS(K.I)DTNH

GO TO 70
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60 EAfl(K).EADD(K)+SS(K.I)*(SSTOP(I)-ATIME+DTN{)
70 CONTINUE-
80 CONTINUE
90 M-1

LL- 1
MS-i

C
C JB(M) - INDEX OF LEFT-HAND BOUNDARY OF THE FIRST ZONE TREATED AS
C DISPERSIVE, IF THERE -IS DISPERSIVE MATERIAL.
C
C LEFT BOUNDARY CONDITIONS
C

U(1)=U(1)+.5*DTN*DUDT1

C
C HYDRO ZONE LOOP
C

DO 430 J-2,JFIN
DOD-i. /V(J)
QO(J)-Q(J)
SDOLD-SD( J)
YOZOLD-YOZ(J)

C
C CHANGE MATERIAL INDEX AND ADD NEW ACTIVE ZONE
C

IF (J-JEND(H)) 110,100,110
100 LL.LL+1

JB(LL) -JBNDCM)
110 IF (J.LT.JFIN) GO TO 120

U(JFIN)-U(JFIN)+DTN*(S(JFIN)+Q(JFIN) )/ZM(JFIN)
GO TO 130

C
C VELOCITY CALCULATION
C

120 CONTINUE
C
C CHECK FOR SPALLED ZONE
C

IF (TSPALL(J).EQ.1.234) GO TO 150
DUDTS---2.0*(S(J+1)+Q(J+1)-S(J)-Q(J))/(ZM(J)+ZMCJ+1))
DUDT2 -DUDTS

- U(J'$-U(J)+.5*DUDT2*DTN
130 IF (ABS(U(J)).LT.1.E-3) U(J)=O.O

DU-U(J)-U(J-1)
IF (U(J).EQ.ZERO) GO TC 140
QQQ-ABS(DU/U(J))
IF (QQQ.LE.1.OE-1O) DU-O.O

140 CONTINUE
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C
C COORDINATE CALCULATION
C

X(J)-X(J)+DTNH*U(J)
C
C DENSITY CALCULATION ACTUALLY SPECIFIC VOLUME
C

V(J)-(X(J)-X(i- ) )/Z24(J)
GO TO 160

150 CONTINUE
C
C VELOCITY, COORDINATE, AND DENSITY FOR SPALLED ZONE
C

I SPALL-3
DUDT2--2. s(S(J+1>+Q(J.1))/zN(J+1)
DUDTS-2. *(S(J)+Q(J))/ZN(J)
U(J)-U(J)+.5*DUDT2*DTN
US(MS)-US(MS)+.5*DUDTS*DTN
IF (ABS(U(J)).LT.l.E-3) U(J)-O.
IF (AES(US(MS)).LT.1.E-3) US(MS)-O.
DU-US(HS)-U(J-1)

C
C COORDINAMS OF SPALLED ZONE
C

X(J)mX(J)+DTNH*U(J)
XS(MS)-XS(MS)+DTNH*USCMS)

C
C DENSITY - ACTUALLY, SPECIFIC VOLUME
C

V(J)m(XS(MS)-X(J-1))IZM(J)
160 CONTINUE

DAVG-( 1./V(J)+DOLD)/2.
DV(J).'DTNH*DU/ZM(J)

C
C VISCOUS STRESS CALCULATIONS
C

IF (MFLAG(H).GT.0) GO TO 200
170 CONTINUE

IF (DU+1.) 180,190,190
C
C VISCOUS STRESS FOR NON DISPERSIVE MATERIAL
C

180 Q(J)w(DU*CO*CO-C1*CS(J))-DU*DAVG
IF (Q(J)-1.E5) 190,220,220

190 Q(JW0.
DU-O.
GO TO 220

200 IF (TSPALL(J).NE.8.) GO TO 210
C
C IF TSPALL = 8., TREAT MATERIAL AS NON DISPERSIVE IN CALCULATING
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C VISCOUS STRESS FOR DISPERSIVE MATERIALJ
C

JR (M)-J
GO TO 170

210 XZ'2.*(RNO(M)*CH(M)/OHEGA(M))**2/ZM(J)
*IF DEF,B64

QU(J)m-XEQSTA(M)*OMEGA(M)*DU+DAVG*CO**2*(AMIN1(DU.ZERO))**2
SENDIF
*IF DEF,B32

QU(J)m-XsEQSTA(M)*OMEGA(M)*DU+DAVG*CO**2*(DMIN1(DU,ZERO))**2
ENDIF

Q(J)u'-XX* (DUDTS-DUDT1 )+QU(J)
C
C STRESS - STRAIN CALCULATION
C

220 VELS-DV(J)*DAVG
*IF DEF,B64

THLETA--SD(J)/AMAX1 (ONE, SD(J))
* ENDIF
*IF DEF,B32

THETA--SD(J)/DHAXl(ONE,SD(J))
*ENDI F

BULK.DOLD*CS(J) **2
STRAIN-i. -RJO(M)*V(J)
IF (SHEARR(M).EQ.ZERO) GO TO 230
IF (l./V(J)/RHO(M)-1. .LE.YNU(M)) GO TO 240
GOKmGOVERX(J)*EXP(SHEARRCH)*(l./V(J)-DOLD)/RHO(M))
GOKOLD-GOVEREC J)

*IF DEF,B64
GOVEPX(J)-AMIN1 (GOK ,GOKECH))

* ENDIF
-IF DEF,B32

GOVERZ( J) -DMIN1 (GOiC, GOKE(H))
*ENDI.F

VAMU(J)umBULX*(GOKOLD+GOVERK(J))/1 .5
GO TO 260

23C IF (STRAIN.LE.0.) GO TO 250
VAMU(J)-BULK*GOKE(M)/ .75
IF (VAMU(J)-AHU(H)/.75) 250,260,260

240 VAMU(J)-BULK*GOVFERK(J)/ .75
GO TO 260

25C VANU(J),-AMU(H)/.75
260 CONTINUE

CXSHR-1.
VAMU(J)mCXSHR*VAMU( J)
SD(J)=SD(J)+VAMU(J) *VELS

C
C MAXWELL GEOMETRIC DISPERSION MODEL
C

IF (AMU2(M).EQ.0. .AND.TRELX2(M).EQ.O.) GO TO 290
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IF (STRAIN.LE.0.) GO TO 270
VANU2-BULK*G0XE2(H)/ .75
GO TO 280

270 VANU2-AMU2(M)/ .75
280 SD2OLD-SD2(J)

SD2CJ)-SD2(J)+VAMU2*VELS
IF (TRELX2(M).LE.0.) GO TO 290
TRATmO . 5DTNH/TRELX2(H)
SD2(J)-(SD2(J)-TRAT*SD2OLD)/I ..+TRAT)

290 CONTINUE
VHC-1.5*SD(J)*SD(J)j
YOWEG-CKSHR*YOZ( J)
IF (VMC-Y0ZDEG*Y0ZDEG/1 .5) 350,350,300

300 YOZ(J)u.Y0Z(J)+YADD(M)*AES(DV(J))*DOLD/RHO(M)/( .2-YMU(M))/V(J)
YOZDEG-CKSHR*YOZ( J)
IF (VMC-Y0ZDEG*Y0ZDEG/1.5) 350,350,310

310 IF (TRELAX(M).LE.0.) GO TO 340
YZDEGO-YOZOLDS CKSHR
IF (PRELAX(M).EQ.0.) GO TO 320
TRELAV-TRELAX(M)*EXP(-(ABS(SD(J)),-Y0ZDEG/1.5)/PRELAX(M))
GO TO 330

320 TRELAV-TRELAX (M)
330 SD(J).(SD(J)-.5*DTNH*(SDOLD+THETA*(YZDEGO+YOZDEG)/1.5)/TRELAV)/(1.

1 +.5*TNH/TRELAV)
GO TO 350

340 St)(J)-SD(J)*YOZDEG*SQRT(l./VMC/1.5)
350 IF (STRAIN) 360,380,380
360 CONTINUE

IF ((E(J)+EADD(J)).LT.EQSTE(M)) GO TO 370
SD(J)-..
SD2(J)-0.

370 CONTINUE
380 DISTE-(SD(J)+,SD2CJ))*DV(J)

EADD( )-EADD( J)+DISTE
DUD? 1 DUDT2
IF (ISPALL.GE.2) MS-MS+l
ISPALL-0
HuLL

C
C END OF CYCLE CHECKS
C

IF (U(J)) 430,390,430
390 IF (N-1) 400,400,410
400 JSHAXlrmJSMAX+10

IF (LOZHIZ) 410,420,410
C
C JSTAR CALCULATION
C

410 IF (J-JSTAR) 430,430,420
420 JSTAR-J-1
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GO TO 440
430 CONTINUE

JSTAR-JFIN
440 CONTINUE

C DISPERSIVE MATERIAL CALUIIATIONS
C

Q(JSTAR+2)-0.
DO 550 M-1.LL
IF (MFLAG(M).EQ.O) GO TO 550
JL-JB(H)
JJL-JL+l
IF (M.EQ.NMTRLS) GO TO 450
JJUC-MINO(JBND(M) ,JSTAR+l)
GO TO 460

450 JJU-JSTARi-
460 CSMAX-O.

SPQMAXm0.
JSPQM-0
TPQMAX-O.
JTPQMmo
DO 520 J-JJL,JJU
IF (CS(J).LE.CSMAX) GO TO 470
CSMAX-CS(J)

470 IF (TSPALL(J).NE.1.234.AND.J.WE.JJU) GO TO 520
JU-J

C
C IMPLICIT SOLUTION FOR Q IN DISPERSIVE MATERIAL
C

IF (JL.GE.JU) GO TO 510
YY(JL)-O.
ZZ(JL)-Q(JL)
IF (TSPALL(JL).EQ.1.234) ZZ(JL)-O.
JJL-JL.1
DO 48C K-JJLJU
XX-2. s(RJO(M)*s(M)/OMEGA(M))**2/ZM(1)
X1-2. /(ZM(K)+ZM(K+1))
X2-i2. /(ZM(K-1)+ZM(K))
IF (K.EQ.JJ-L.AND.TSPALL(JL).EQ.1.234) X2-2./ZM(K)
IF (K.EQ.JU.AND.TSPALL(JU) .EQ. 1.234) Xl-2./ZM(K)
Al- XX*Xl
A2=Al.+XX*(Xl+X2)
A3-XX *X2
A4-QU(K)+XX*CS(Il)*X1-S(K)*(Xl+X2)+S(K-1)*X2)
IF (K.EQ.JJL.AND.TSPALL(JL).EQ.1.234) A4umA4-XX*S(K-1)*X2
IF (K.EQ.JU.AND.TSPALL(JU).EQ.1.234) A4utA4-XX*S(K+l)*Xl
A5-A2-A3*YY(K-l)
YY(K)-Al/A5
ZZ(K)-(A4+A3*ZZ(KC.1) )/A5

480 CONTINUE
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DO 500 I-JJL,JTJ
JJ-JU-I+JJL
Q(JJ)-YY(JJ) *Q(JJ+1)*sZZ(JJ)
IF (JJ.EQ.JU.AND.TSPALL(JU).EQ.1.234) Q(JJ)-ZZ(JJ)

C
C SMAX CALCULATION FOR DISPERSIVE ZONES
C

IF (S(JJ).Q(JJ).LE.SPQMAX) GO To 490
SPQMAX-S( JJ)+Q(JJ)
JSPQM-JJ

C
C TYMAX CALCULATION FOR DISPERSIVE ZONES
C

490 IF (S(Jj)+Q(J.J).GE.TPQiAX) GO TO 500
TPQMAX-S( JJ)+Q( JJ)
JTPQHMtJJ

500 CONTINUE
510 JL-JU
520 CONTINUE

IF (SPQHAX.LE.SMAX) GO TO 530
SMAXUSPQKAX
JSMAXUCTSPQM

530 IF (TPQMAX.GE.TMAX) GO TO 540
TMAX-TPQMAX
JTMAX mJTPQM

*540 IF (JSTAR.GT.JU-1) GO TO 550
C
C RESET JSTAR IN DISPERSIVE MATERIALS
C
*IF DEF,B64

JAflmIFIX(CSMAX*DTNX/(X(JSTAR+1 )-X(JSTAR)))
*ENDIF
*IF DEF,B32

JAD-IDINT4(CSHAX*DTNHl/(X(JSTL"R+1 )-X(JSTAR)))
*ENDI F

JSTAR-MINO( JSTAR+1+JAD ,JFIN-1)
550 CONTINUE

C
END

A-78



HYPUF SOURCE LISTING

*DECK OPAGUE
SUBROUTINE OPAGUE*IF DEF.B32

IMPLICIT DOUBLkPRECISION(A-H, O-Z)
*ENDIF
*CALL BLANK
*CALL AA

*CALL AC
*CALL EQFL
*CALL INDX

DIMENSION ENIK(10,8,14), ESJ(3,109), ISTART(10,8), NEDGLN(10,8,3),
1 NNIK(10,8.19), NOEI(10,8), SCREEN(14), SHIFT(10,B,14), SNIK(10.8.
2 14)
DATA ISTART, NNIK, ENIK, SHIFT. SNIK, NEDGLN /80*0,1520*0,1120*0.,
1 1120*0. ,1120*1..2400/
DATA SCREEN /14*0./

C
C THIS PORTION OF THIS ROUTINE CALCULATES THE DEPOSITION OF ENERGY
C FOR EITHER CONSTANT OR VARIABLE CROSS SECTIONS.
C

IF (NVARM(M)) 10,10,620
10 DO 610 Nl-",NEM

N-rELEM(M,Ni)
KK-NOEC(N)
KC-ITABL(KK)
IF (NVARE(N)) 20,20,30

20 IF (ZF(N,J)-0.5) 30,30.60
C
C WHEN NVARE(ELEMENT) IS NOT EQUAL TO ZERO. CROSS/SECTIONS ARE
C FIXED AT COLD VAULE -- THUS SOME CONSTANTS MUST BE SET.
C

30 DO 40 K-1,14
40 SNIK(NI,K)-1.

DO 50 K-1,19
50 NNIK(N,1,K)-NION(N,K)

GO TO 610
C
C CALCULATE ALL SCREENING CONSTANTS FOR THIS ELEMENT IN EACH OF SIX
C CALCULATED ION STATES.
C

60 KN-KMAX(N)
DO 600 K1-,CN
NELEC-NTBL(N)-NI(X KN)
JI-NI(K1 ,N)
IF (JI.EQ.O.AND.ION.EQ.1) GO TO 570
IF (JI.GE.NTBL(N)) GO TO 600
IF (K1.NE.1.AND.ION.EQ.0) GO TO 340
IF (ION.EQ.0) NELEC-NTBL(N)

C
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C FIND THE NUMBER OF ELECTRONS IN EACH SUB-SHELL FOR THIS
C ION STATE IF ION EQUALS 1 OR FOR THE NEUTRAL ATOM IF ION EQUALS 0.
C

DO 70 X-1,14
70 NSPDF(K)-O

DO 80 K-1,19
NSUM(K)=O

80 NGRUP(K)-O
IF (NELEC-78) 110,110,90

90 DO 100 K-1,6
100 NGRUP(K+13)-ITEL(NELEC,K)

GO TO 250
110 IF (NELEC-69) 140,140,120
120 DO 130 K-1,6
130 NGRUP(K+10)-ITBL(NELEC,K)

GO TO 270
140 IF (NELEC-46) 170,170,150
150 DO 160 K-1,6
160 NGRUP(K+9)-ITBL(NELEC,K)

GO TO 280
170 IF (NELEC-28) 200,200,180
180 DO 190 K-1,6
190 NGRUP(K+6)-ITBL(NELEC,K)

GO TO 300
200 IF (NELEC-lO) 230,230,210
210 DO 220 K-1,4
220 NGRUP(K+3)-ITBL(NELEC ,K)

GO TO 320
230 DO 240 K-1,3
240 NGRUP(K)-ITBL(NELEC,K)

GO TO 380
250 DO 260 K-1,3
26C NGRUP(K+10)-ILTBL5(K)
270 NGRUP(10)-ILTBL4(1)
280 DO 290 K-1,3
290 NGRUP(K+6)-ILTBL3(K)
300 DO 310 K-1,3
310 NGRUP(K+3)-ILTEL2(K)
320 DO 330 K-1,3
330 NGRUP(K)-ILTBL1(K)

IF (ION.EQ.1) GO TO 380
C FIND THE NUMBER OF ELECTRONS IN EACH SUB-SHELL FOR THIS ION STATE
C ION EQUALS 0

NELEC-NTBL(N)-NI(Kl,N)
340 NSUM1-0

DO 350 K=1,19
NSUMI-NSUMI+NGRUP(K)
NSUM(K)-NSUM1
IF (NSUM1.GE.NELEC) GO TO 360

350 CONTINUE
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360 NGRUP(K)u.NELEC-NSUM(K-1)
KICEEP-K+ I
DO 370 K-KICEEP,19

370 NGRUP(K)-C
IF (JI.EQ.0) GO TO 570

C
C CALCULATE TIE NUMBER OF ELECTRONS IN EACH OF THE SUE-SHELL GROUPS
C NEEDED IN SCREENING CONSTANT CALCULATEIONS --S+P, D, OR F -

C
380 NSPDF(l1)-NGRUP( 1)

NSPDF(2)mNGRUPC 2)+NGRUP(3)
NSPDF(3)'NGRUP(4)sNGRUP(5)
NSPDF(4)-NGRUP(6)
NSPDF(5)-NGRUP(7)+NGRUP(8)
NSPDF(G)u.NGRUP(9)
NSPDF(7)-NGRUP( 10)
NSPDF(8 )-NGRUPC 11 )+NGRUP( 12)
NSPDF(9)-NGRUP( 13)
NSPDF( 10)-NGRUP( 14)
NSPDF( 11 )-NGRUP( 15)+NGRUP( 16)
NSPDF( 12)-NGRUP( 17)
NSPDFC 13)-NGRUP( 18)
NSPDF( 14)-NGRUP( 19)

C
C CALCULATE THE TOTAL NUMBER OF ELECTRONS UP TO AND INCLUDING
C THOSE IN EACH SUB-SHELL
C

NSUM1-0
DO 390 K-1,19
NSUM1 -NSUM1+NGRUP(K)

390 NSUM(K)-NSUM1
C
C FIND THE NUMBER OF SCREENING CONSTANTS -- OR SUB-SHELLS -

C ASSOCIATED WITH THIS ATOM OR ION STATE --- CALL IT K3
C

DO 400 K-1,19
IF (NELEC-NSUM(K)) 410,410,400

400 CONTINUE
410 NOEI(N,K1)-K

I-
KZ -ILTABL(K)
DO 540 X2-1.13
NSTMP-NSPDF( 12)-i
NSPDF(12)w-MAXO(NSTMP .0)

C
C CALCULATE THE SCREENING CONSTANTS
C

N?REVT-NSPDF(l1)-NSPDF(2)
IF (K3.GE.5) GO TO 420
GO TO (460,450.440,430), K3
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CALL GOTOER
420 MPREVS-NSPDF( 3)+NSPDF(4)

SCREEN(5)uFLOAT(NTBL(N)-NPREVT.)-O.85*FLOAT(NPREVS)-O.35*FLOAT(MAXO
1 (NSPDF(5)-1,0))

430 SCREEN(4)-FLOAT(NTBL(N)-NPREVT-NSPDF(3))-O.35*FLOAT(HAX0(NSPDF(4)-
1 1.0))

440 SCREEN(3)-FLOAT(NTBL(N)-NSPDF(1))-0.85*FLOAT(NSPDF(2))-0.35-FLOATI
1 (MAXO(NSPDFC3)-l.0O))

450 SCREEN(2)-FLOAT(NTBL(N))-0.85*FLOAT(NSPDF(l))-O.35*FLOAT(MAX0
1 (NSPDF(2)-iL,O))

460 SCREEN(l)umFLOAT(NTBL(N))-C.3*FLOAT(MAX0O(NSPDF(l)-1 .0))
IF (K3.LE.5) GO TO 490
NPREVT-NPREVT.+NPREVS
NPREVS-NSPDF( 5)
KK-5

470 DO 480 K4-1,2
C5mIK+14
SCENK)FOTNB()NRV-PES-.5FOTMX(SIFK)
1 1,0))
NPREVS-NPREVS+NSPDF(K5)
IF (K3.LE.5) GO TO 490

480 CONTINUE
X-KX+3
SCREEN(KK)-FLOAT(NTBL(N)-NPREVT)-0.85*FLOAT(NPREVs)-0 35*FLOAT

1 (MAXO(2ISPDF(KK)-1,0))
NPREVT-NPREVT+NPREVS
NPREVS-NSPDF (KK)
IF (KK.LT.1C5) GO TO 470

C
C CALCULATE THE ENERGY OF THIS ION STATE
C

490 K4uKC+1-C2
ENIX(N,K1 ,14)-0.
DO 500 K-1,1C3

500 ENIK(N,K1 ,14)-ENIK(N,K1,K4)+SCREEN(K)**2*FL0AT(NSPDF(K))/XNSTAR(K)
ENIIC(N,K1 .K4)u1 .356E-2*ENIK(NK1 .14)

C
C DIVIDE THE VALUE OF THE SCREENING CONSTANT ASSOCIATED WITH THIS
C SUB-SHELL BY THE VALUE or THIS SAME CONSTANT FOR THE UNIONIZED
C ATOM AND STORE AS SNIK(EL"EMENT,IONIZ"ATIONLEVEL.SUB-SHELL) -

C ALSO STORE THE VALUE OF THE NUMBER OF ELECTRONS IN THE
C SUB-SHELL GROUPS -- S, P, D. AND F -- AS NNI1C(N,K1,K)
C

SNIK(N,K1 ,14)-SCREEN(K2)
IF (NSTMP.LE.O) GO TO 530
IF (K2-1) 510.510,520

510 SNIK(NK1 ,14)-SNIK(N,K1 ,K4)-O.3
GO TO 530

520 SNIK(N,K1,K4)-SN:K(N,K1,K4)-O.35
530 SNIK(N,Kl,K4)-SNIK(N,K1,K4)/SCRENO(N.K4)
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540 NSPDF(X2)-NSTMP+1
DO 550 K-1,K
KL-NOEC(N)+l-K

550 NNIK(N, K1. L)-NGRUP(K)
DO 560 K-1.14

560 NSNIK(N.Kl,K)-NSPDF(K)
GO TO 600

C
C RESET FOR NI - 0
C

570 DO 580 K-1,14
580 SNIK(N.i,K)-1.

DO 590 K-1,19
590 NNIK(NI.K)-NION(N,K)

IF (NVARE(N).EQ.1.OR.ZF(N,J).LE.O.5) GO TO 610
600 CONTINUE

IF (J.EQ.JTS.AND.JPRIN.EQ.1) WRITE (6,1230) N,((ENIK(N,K1,K),K-ii
1 4),KI-1,8)

610 CONTINUE
GO TO 650

C
C WHEN NVARM(MATERIAL) IS NOT EQUAL TO ZERO, THE X-SECTIONS OF ALL
C THE ELEMENTS ARE FIXED AT THE COLD VALUE -- SOME CONSTANTS
C MUST BE SET
C

ENTRY OPAGC
620 CONTINUE

DO 640 Ni-i,NEM
N-IELEM(M,Ni)
DO 630 K-1,14

630 SNIX(N,1,K)-1.
DO 640 K-1,19

640 NNIK(N,1,K)-NION(N,K)
C
C CALCULATE THE ENERGY DEPOSITION IN THIS ZONE
C

650 DO 1220 NS-i,NSPEC
IF (J.EQ.JTS.AND.JRIN.EQ.1) WRITE (6,1240) ((NNIK(1,Nl,K),K-I,19)
1 ,NI-1,8)
IF (TIME-START(NS)) 1220,1220,660

660 IF (TIME-SSTOP(NS)) 670,670,1220
670 NNU-NH.NU(NS)

NEBS-NBB(NS)
SS(J',NS)-O.
ESUM-O.
IF (J-2) 680,680,750

680 CONTINUE
*IF DEF.B64

SDUR.M-AMIN1(SDURM,SSTOP(NS)-START(NS))
*ENDIF
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*IF DEF,B32
SDURM-DMIN1(SDURM,SSTOP(NS)-START(NS))

"ENDIF

IF (NNU) 690,710,690
690 DO 700 I-1,NNU
700 ESJ(II)-ES(i,I)

GO TO 760
710 DO 740 L-1,NBBS

DO 740 1-1,109
IF (1-99) 720,720,730

720 ESJ(L,I)-EE(L)*ANGLE-0.01
GO TO 740

730 ESJ(LI)-EE(L)*ANGLE*0.001
740 CONTINUE
750 IF (NNU.EQ.0) NNU-109

C
760 DO 1210 L-INBBS

IF (JPRIN.NE.1.OR.J.NE.JTS.OR.NKEEP/NPRIN*NPRIN.NE.NKEEP) GO TO 77
10
WRITE (6,1300) NS,L,TEMP(J)

770 DO 780 Ni-iNEM
N-IELEM(M,Nl)
KMAX(N)-MINO(NTBL(N),8)
KN-KMAX(N)
DO 780 K1-,UN

780 ISTART(N,Kl)-O
DO 1200 I-1,NNU
IF (ESJ(L,I)-1.E-20) 1200,1200,790

790 ACION-0.
IPRIN-O
IF (KPRIN.NE.0.AND.J.EQ.JTS.AND.I/1010.EQ.I) IPRIN-i
ZBARmO.O
DO 1170 NI-i,NEM

C N IS ELEMENT INDEX
N-IELEM(M,N1)

C KN IS NUMBER OF CALCULATED EDGES (NUMBER OF OCCUPIED ELECTRON
C SUB-SHELLS-1S,2S,2P,3S,3P,3D,4S ETC)

KN-NOEC(N)
C KNI IS KN WITH S+P SUBSHELLS CONDENSED INTO ONE GROUP FOR EACH N

KNI-ITABL(KN)
C KGO IS THE NUMBER OF DEGREES OF IONIZATION (BEFORE XRAY EVENT)
C TO INCLUDE CONTRIBUTIONS TO X SEC

KGO-KMAX(N)
IF (J-JHAT) 800,800,840

800 IF (NVARM(M)) 840,810,'40
810 IF (NVARE(N)) 840,82C,840
820 IF (TEMP(J)-1.2E4) 840.840,830
830 IF (ZF(N,J)-0.5) 840,840,850

C ATOM IS COLD-XSEC IS CONSTANT
840 KGO-I

A-84



HYPUF SOURCE LISTING

ji-c
NOEI(N.I)-KN

850 RHON-XAW(N)*FLOAT(NATOM(M))*AF(M,N)/XMW(M)/V(J
IF (IPRIN.EQ.0) GO TO 860
WRITE (6.1280) J.NTIME
WRITE (6,1310) I.NAMEL(N),ZF(NJ),KGO
WRITE (6,1250) KN.KNI.KGOKMAX(N),(NOEI(NIJ),IJ-1,8),(NLEC(N,IJ)
1 .IJ-1.6),(NI(IJ.N),IJ=1,8)

C
C CALCULATE CONTRIBUTIONS TO XSEC FROM THE VARIOUS
C DEGREES OF IONIZATION
C

860 DO 1160 Kl-1,KGO
C
C INITIALIZE THE ABSORPTION EDGE FOR THIS STATE OF THE ELEMENT TO
C THE LOWEST POSSIBLE AND FIND HIGHEST ACTIVE EDGE
C
C KI IS HIGHEST OCCUPIED SUBSHELL

KI-NOEI(NKl)
IF (KGO.EQ.1) GO TO 880

C NUMBER OF ELECTRONS PREVIOUSLY REMOVED
JI-NI(i,N)

C IF ALL ELECTRONS ARE GONE, THERE IS NO INTERACTION
IF (JI.GE.NTBL(N)) GO TO 1160
DO 870 NTMP-1.15
NTMPI-16-NTMP
IF (KI.LE.NLEC(N,NTMP1)) GO TO 890

870 CONTINUE
880 NTMP-0

GO TO 900
C INDEX NTMP USED FOR BOUND-BOUND TRANSITIONS

890 NTMP-NTMP1
900 IF (ISTART(N,K1)) 910,910,970
910 NEDGLN(N.KlL)-KN+1-KI

C K2 IS LOWEST ACTIVE EDGE-CORRESPONDS TO HIGHEST OCC SHELL KI
K2-NEDGLN(NK1,L)
K3-KN+1-K2
K3-MAXO(K3,1)

C K3 IS EDGE NUMBER K2 WITH WITH S+P SHELLS CONDENSED
C AND COUNTS IN REVERSED ORDER OF ENERGY DECREASING
C THE ELECTRON TO BE REMOVED FROM SUB-SHELL CORRESPONDING TO K3

KZ-KNI+I-ITABL(K3)
IF (IPRIN.EQ.1) WRITE (6,1260) NK1,L,K2.K3
IF (KGO.EQ.1.OR.Ji.EQ.0) GO TO 920

C SHIFT IS I(NJK) - I(NOK) IN MANUAL
C EION(N,JI) IS ELECTRON BINDING ENERGY REMAINING IN :ON WITH
C JI ELECTRONS REMOVED (PRIOR TO XRAY INTERACTON)
C ENIK(N,Kl,K3) IS BINDING ENERGY LEFT AFTER REMOVING AN
C ELECTRON FROM SHELL K3. FROM THE ABOVE ION
C EDGEC(N,K2) IS CALCULATED EDGE K2
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SHIFT(N.K1 .K3)-EION(N.JI)-ENIK(N,K1 ,X3)-EDGEC(N.Ka)
GO TO 930

920 SHIFT(N,1,K3)-0.0
930 IF (NTMP.NE.O.AD.JI.NE.0) GO TO 940

R2BBn1 .0
GO TO 950

C R2BB IS ENERGY FRACTION FOR BOUND-BOUND TRANSITIONS
940 RBB-EBB(N.NTMP,13)

RBB-RBB/(EION(N,JI)-ENIK(N,K1 ,K3))
IF (RBB.LE.0.0) RBB-1.0

C SKIP CALCULATION IF LOWEST EDGE IS GREATER THAN PHOTON ENERGY
950 IF (TBI(I)*T(L)-RBB*(EDGE(N,X2)+SHIFT(N,K1.K3))) 1160,1160,960
960 ISTART(N,Kl)-l

GO TO 980
970 X2-NEDGLN(N,Kl,L)
980 X4-KN-KZ

X4-HAXO(K4, 1)
C X4 IS EDGE NUMBER K2 WITH WITH S+P SHELLS CONDENSED
C COUNTING IN REVERSED ENERGY ORDER
C THE ELECTRON TO BE REMOVED FROM SUB-SHELL CORRESPONDING TO K4

K4-KNI+1-ITABL(K4)
IF (IPRIN.EQ.1) WRITE (6,1270) K2,K4
IF (KGO.EQ.1.OR.JI.EQ.0) GO TO 990

C CHANGED FOLLOWING EDGEC INDEX FROM K2+1
SHIFT(N,K1 ,14)EION(N,JI)-ENIK(N,K1 ,K4)-EDGEC(NKINO(12+1 ,KN))
GO TO 1000

990 SHIFT(N.1,K4)m0.O
1000 IF (NTMP.NE.0.AND.JI.NE.O) GO TO 1010

RBB-1 .0
GO TO 1030

1010 RBE-EBB(N,NTMP,K4)
INN -KC+1 -K4
IF (NSNIY(N,K1,KNN).EQ.0) GO TO 1020
RBB-RBB/(EION(N,JI)-ENIK(N,K1 .14))

1020 CONTINUE
IF (RBB.LE.0) RBB-1.0

C CHECK IF EDGE K2+1 IS LESS THAN PHOTON ENERGY
1030 IF TB I*()RB(EG(,21+KITNK,4 1050,1050,1040

C INCREMENT K2 TO FIND HIGHEST ACTIVE EDGE
1040 K2.K2+1

C
C .. IF 12 .GT. 1CM, RESET TO 1CM AND BREAK OUT OF LOOP
C

IF (K2.LE.KN) GO TO 980
K2-MINO(K2,.1C)

1050 NEDG"N(N,K1,L)mK2
IF (IPRIN.EQ.0) GO TO 1070
WRITE (6,1320) Kl,1C2,X4,NTMP,RBB
IF (RBB.EQ.1) GO TO 1060
IF (EDGEC(N,K2+1).EQ.O.O) EDGEC(N,12+1)-EDGE(N,K2+1)

A-86



HYPUF SOURCE LISTING

WRITE (6,1330) EION(N,JI),ENIr(NK1.K4),EDGEC(N,K2+1)
1060 CONTINUE

WRITE (6,1340)
C
C TBL(I)*T(L) ..
C

1070 KK-KN+1-KI
IF (KK-K2) 1080.1080,1160

C LOOP OVER ALL ACTIVE EDGES K (AN ELECTRON REMOVED FROM
C CORRESPONDING SUB-SHELLS

1080 DO 1150 K-KK,K2
IF (AA(N,K)) 1150,1150,1090

1090 1J-MINO(K,KN)
K3mKN+ 1 -L
K3:MAXO(K3, 1)
K3 KNI+1 -ITABL(K3)

C POPULATION OF IONS WITH DEGREE JI
POP-R(K1 ,N)
JINNI(K1 ,N)
IF (KGO.NE.1.AND.JI.NE.O) GO TO 1100
IF (KGO.EQ.1) POP-1.O
JI -0
SHIFT(N.1 ,K3)-O.O
GO TO 1110

1100 SHIFT(NK1 ,K3)mEION(N,Jl)-ENIK(N.KlK3)-tDGEC(N,KJ)
C NION IS NUMBER OF ELECTRONS IN EACH SUB-SHELL IN COLD ATOM
1110 IF (JI.GE.NTBL(N).OR.NION(N,KJ).EQ.O) GO TO 1150

IF (TBL(I)*T(L)-SHIFT(N,K1.13)) 1120,1120,1130
1120 ETMP-TBL(1)*T(L)/2.O

GO TO 1140
1130 ETMP..TBL(I)*T(L)-SHIFT(N,K1,K3)

C NNIX IS NUMBER OF ELECTRONS IN EACH SUBSHELL K IN ION PRIOR TO
C X-RAY
1140 ACION-ACION-RHON*POPAA(N,K)*ETMP**(B(N,K)+.)*FLOAT(rNNIK(N,K1,KJ)

1 )/FLOAT(NION(NKJ))*SNIK(N,K1,K3)**5IANGLE
IF (IPRIN.EQ.O) GO TO 1150
WRITE (6.1350) K,13RHON,POP,JI,NNIK(N,K1,KJ),NION(N,KJ),SHIFT(N
1 ,K1,K3) SNIK(N,K1,1C3),AA(N,K),B(N,K),ACION,ETMP
IF (SHIFT(N,K1,K3).EQ.0.) GO TO 1150
WRITE (6,1360) EION(N,JI),ENIK(N,K1,K3),EDGEC(NKJ),SCRENO(N,K3)

1150 CONTINUE
1160 CONTINUE
1170 ZBARZBAR+AF(,N)*ZF(N,J)**2

ACION-ACION/TBL( I)/T(L)
IF (IPRIN.EQ.1) WRITE (6,1370) I.ACION
IF (TEMP(J).LT.1.2E4) GO TO 1180
ACION-ACION-9.9E3*(FLOAT(NATO(M))/X1W(M))**2*ZBAR*ZF4CJ)/(TEL(I)
1 *TCL) )*3/TEMP(J)**0.5/V(J)**2

C
C CALCULATE THE ENERGY DEPOSITION IN THIS ZONE FROM THIS SOURCE

A- 87



HYPUF SOURCE LISTING

C
1130 AX.1uACION(X(J)-X(J-1))

IF (J.EQ.2.OR.J.EQ.20.OR.J.EQ.54) AX2--ACION/RHON
IF (J.EQ.2.OR.J.EQ.20.OR.J.EQ.54) WRITE (7,1290) J,TIME.A12
IF (AX1.LT.-20.) EIZoESJ(L.I)
IF (AX1.LT.-20.) GO TO 1190

1190 ESJ(L,I)-ESJ(L,I)-EIZ
ESUM-ESUM+EIZ

C STORE X-RAY FLUX IN XFX(J)
XFX(J)-XFX(J)+ESJ(L, I)' (SSTOP(NS)-START(NS))

1200 CONTINUE
1210 CONTINUE

C
C CALCULATE TH1E ENERGY DEPOSITION RATE IN THIS ZONE FOR EACH
C SPECTRUM IN UNITS OF ERGS/GRA14/SECOND
C

SSCJ,NS)-ESUM*4.l86E7*V(J)/(X(J)-X(J-1))/(SSTOP(NS)-START(NS))
1220 CONTINUE

RETURN
C
1230 FORMAT ('DENIK' .15/(1X,1PlOE12.4/1X,4E12.4))
1240 FORMAT ('ONNIK-'.l9I6)
1250 FORMAT ("OKN,KNI,XGOKMAX-NOEI-NLEC-NI',4I8/1X,818/1X,618/1X,818)
1260 FORMAT ('ONEDGLNC'.315,')-',2I8)
1270 FORMAT ('0K2,K4 SET-',.21B)
1280 FORMAT (/5X,2OHFLOION CALC FOR ZONE.13,7H CYCLE ,14,6H TIME.,1PE1O

1 .3)
1290 FORMAT (15,2(lPE15.8.2X))
1300 FORMAT (///31H CALCULATIONS FOR ZONE 2,NSPEC-,I2,20X,4HNBB-,I2,20X

I ,5HTEMP-,Ell.3)
1310 FORMAT (/17H ENERGY INTERVAL-,13,3X,11HELEMENT IS ,Al0,3X,14HIONIZ

1ATION IS ,Ell.3,3X,27HNUMBER OF ACTIVE LEVELS IS .12)
1320 FORMAT (14H LEVEL NUMBER-,IZ,20X,32HEIGHEST NUMBERED ACTIVE EDGE I

iS ,12/4H K4m,12,lOX,5HNTMP-,12, LOX.4HRBE-,E11.3)
1330 FORMAT (6H EION-,1PE13.5,1OX.5HiENIK-,E13.5,1OX,1OHNEXT EDGE-,E11.3

1 )
1340 FORMAT (1X.4H'EDGE,6X,7HS+P,D,F,5X. 3HRHO,9X,3HPOP.5X,2HJI ,1X,4h"NII

1 , X,4HNION,3X,SHSHIFT,BX,4HSNIX,9X.2HAA,10OX.lHB, 10X,2HMU.8X,4HET.M
2P)

1350 FORMAT (14, I7,El8 .6,El2.6,I14,14,I5 ,El2.6,EI2.6,El2 .6,El2.6,El2.6
1 ,E12.6)

12'30 FORMAT (16H ENERGY OF ATOM-,E12.6,2X,29EnENERGY WITH ELECTRON RE1M0V
1ED-.El2.6,2X,6HEDGEC-,E12.6,2X. iHATOM SCREENING-,E12.6)

14370 FORMAT (341! CROSS-SECTION FOR ENERGY INTERVAL,13,3HIS ,E11.3)
END
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*DECK PE
SUBROUTINE PE

*IF DEF,B32
IMPLICIT DOUBLEPRECISION(A-H ,O-Z)

* ENDI F
* CALL BLANK
*CALL EQVP
ECALL EQFL

* CALL INDI
*CALL PEPT

ENU-i. /V(J)/R2HO(M)
IF (ENU.LT.1.) GO TO 30
ES 1-0.0

C
C MATERIAL IS COMPRESSED.
C

EMU-ENT-1.
IF (CUSPACM).EQ.0.) GO TO 10
ARG-EMU-CUSPA(M)
IF (ARG.LE. .) GO TO 10
PH-(CUSP1 (M)+( (CUSPS(M) *ARG+CUSPD(M) )*ARG+CUSPC(M))*ARG)
GO TO 20

10 PHN((EQSTS(M)*EMU+EQSTD(M))*EMU+EQSTC(M))*EMU
20 CONTINUE

ES10-FLOAT(HATOM(M) )/XMW(M)
DEDT-1 .25EB*C2.+3. *ZFM(J))*ES10
DPDT-8.3lE7*C3.EQSTG(M)+2.*ZFM(J))*ES10/V(J)
'rREF-300.
PH=PE*(1.-.5*EQSTG(M)*EMU/ENU)

ENTRY PE1
DFDT-(TEMPJ-TREF) tESlO
ET(J)-EI(J)+2.5E8*(1.4.5ZFM(J))*TEMPJ*ES14-EH
PN(J).P+8.3E7*(3.*EQSTGCM)+ZFM(J))*DFDT/V(J)
IGO- 1
GO TO 80

C
C MATERIAL IS EXPANDED
C

30 CONTINUE
Vi- / END
ENU2-EQSTN(M)*(l.-Vl)*Vi
IF CENU2.LE.-10.) GO TO 40
ESIusEQSTE(M)*(l.-EXP(ENU2))
GO TO 50

40 ES1-EQSTE(M)
50 ALF.'EQST.HCM)+(EQSTG(M)-.EQSTHCM))*SQRT(ENU)

IF (ABS(ALF-EQSTH,(M)).GT.1.E-3) GO TO 80
wi-i .0
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GO TO 70
60 1'm2.*(EQSTG(M)-ALF)/(ALjF-EQSTH(M))

W3'-(2.+Wl)/(1 ..Wl)
70 CONTINUE

ES1O-FLOAT(NATOM(M) )/XMW(M)
DEDT=1.25EB*(Wl+3. sZF(J))*ES1O
DPDTu8.3E7(1.5*ALF*W1+2.*ZFM(J))*ESIO/V(J)
TREF-ES1/Ci .25E8*ES1*Wl+t.5*ZFM(J)))

*IF DEF,B64
TP.EF-AMAX1 (TREF ,300.)

*ENDIF
-IF DEF,B32

TREF-DNAI1(TREF.3 .D2)
*ENDIF

ENTRY PE2
DFDT-(TEMPJ-TREF) *ES1O
ET(J)-EI(J)+1.25E8*ES10*TEMPJ*(Wl+ZFM(J))
PN(J)-8.3lE7*C1.5*ALFW-eZFN(J))*DFDT/V(J)
I GO-2

80 CONTINUE
RETURN

C
END
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*DECK PLOT
SUBROUTINE PLOT

-IF DEF,B32
IMPLICIT DOUBLEPRECISION( A-H ,O-Z)

*ENDIF
C
*CALL1 BLANK
*CALL PLOTCM

DATA IFEDIT, IJEDIT /1,0/
C

WRITE (2) (DISCPT(I),I-1,8)
DO 10 I-1,NMTRLS
JBND(I )-25*I+.

10 CONTINUE
JBND( NMTRLS )-JSTAR-1
PPMAX-O.
PPMINMO.
WRITE (6,80)
WRITE (6,90)
DO 20 J-1,JSTAR
PSMAX(J)-PSMAX(J)'1 .E-9
PSMIN(J)-PSMIN(J) *l1.E-9

*IF DEF,B64
PPMAX-AMAX1 (PSMAX( J) ,PPMAX)
PPMIN-AMIN1 (PSMN( J) ,PPHIN)

*ENDIF
*IF DEF.B32

PPMAX-DMAX1 (PSMAZC J) ,PPMAX)
PPMIN-DMIN1 (PSMIN( J) ,PPMIN)

*ENDIF
WRITE (6,100) PX(J) ,PSMAX(J) ,PSMIN(J)

20 CONT'INUE
JSTAR-JSTAR- 1
WRITE (2) JSTAR,NHTRLS,(JBND(I),I-I.,NMTRLS),PPMIN.PPHAX
WRITE (2) (PX(J),PSMAX(J),PSMIN(J),J-1,JSTAR)
IF (NJEDIT.GT.O) GO TO 30
M-0
NJEDIT-1
WRITE (2) MIJEDIT,NJEDIT,MTLN(l),DSTF(1),JEDITC1),MM(l)
RETURN

30 CONTINUE
REWIND 8
DO 40 I-i ,NJEDIT

JJ-MTLR C I)
MM( I )-MATL(JJ)

40 CONTINUE
N-N-1
IF (IFEDIT.GT.C) WRITE (6,110)
WRITE (2) N,IJEDIT,NJEDIT,(MTLN(I),DSTF(I),JEDIT(I),MM(I),I-l
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1 ,NJEDIT)
ABmI .E-9
IF (IJEDIT.GT.0) AB-1.E-6
DO 70 L-lN
READ (8.120,END-50) TIME, (SQJ(I) .1-1,NJEDIT)

50 TIME-TIME*1.E+6
DO 60 1-1,NJEDIT
SQJ( I)'SQJ( )*A

60 CONTINUE
WRITE (2) TINE, (SQJ(LL) ,LL-1 ,NJEDIT)
IF (IFEDIT.GT.0) WRITE (6,120) TIMECSQJ(I),1m2..NjEDIT)

70 CONTINUE
REWIND 2
RETURN

C
80 FORMAT (1H1,//,10X,37HPEAE COMPRESSIVE AND TENSILE ENVELOPE!)
90 FORMAT (12X,5H1(CM).6X,8HSMAX(KB),4X,8HSMIN(KB),/)
100 FORMAT (gX,3(1PE10.3,2X))
110 FORMAT (1Hl,101,llHJEDIT PRINT,!)
120 FORMAT (BZ,3X,lPllE12.4/)

END
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*DECK PT
SUBROUTINE PT

-IF DEF,B32
IMPLICIT DOUBLEPRECISION(A-H.O-Z)

*ENIF
* CALL BLANK
*CALL EQVP
*CALL EQFL
*CALL INDX
*CALL PEP?

M-1
DO 170 J-2,J1
IF (J-1.EQ.jBND(M)) M-M+l
NTHP-NELEM(Mx) -1
NTMP-MAXO(NTMP, 1)
ZFM(J)-ZFM(J)/FLOAT(NATOM(M))
IF (IFLOV.EQ.O.AND.ITER(J).EQ.0) GO TO 160
IF (ITER(J-1).EQ.0.AND.ITER(J).EQ.O.AND.ITER(J+1).EQ.O) GO TO 160
TEMPJ-TEMP (J)
ICOUNT-1
TMIN-0.
TMAXmi .E40
Pwz-EJ-ADj 05PJ*VJ 2.5(OJ-OJ1)(DTN-DTNH)
1 /Z1ICJ)
ITER(J-4
IF (IDIF.EQ.O) ITER(J)-1
IF (ICON.EQ.0) ITER(J-2
IF CICON.EQ.0.AND.IDIF.EQ.0) ITER(J-3
CALL PE
GO TO 30

10 CALL PEI
GO TO 30

20 CALL PE2
30 CONTINUE

C
C FTNEW IS THE ENERGY IMBALANCE CAUSED BY USE OF INCORRECT TEMP.
C

FT.NEV-FTNE1+ET(J)+0 .5*PN(J) *DV(J)
IF CIFLOV.EQ.0) GO TO 70
FTMP-0.0
F(J)-0.0
IF (J.EQ.JFIN) GO TO 60
IF CITER(J).EQ.1) GO TO 40
F( J)-2 .0XCON(M)/(X(J1+1 )-X(J-1 ) )(TEMP(J+1 )-TEMPJ)

40 IF (ZFM(J).LT.0.Ol.AND.ZFM(J+1).LT.0O1) GO TO 50
XLTP1.XLAM1(J) *(TEMP(J)/TMPJ)**0.5
ARGEXP-TEMPJ/TEMP( J)
ARGTST-1O.**(1O0./(3.5*FLOAT(NTMP)))

-IF DEF,B64
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ARGEXP-AMIN1 (ARGEIP,.ARGTST)
*ENflIF
*IF DEF,B32

ARGEXP'DMIN1 CARGEXP ,ARGTST)
'FJIDIF i

XLTP 'XLAM2(J)*ARGEXPs* (3.5*FLOAT(NTMP))
IF (XLTP2/(X(J)-X(J-1)) .GT.5.67E-5) XLTP2-5.67E-5*CZ(J)-X(J-1))
XLTP3-XLAM2(J+l)
IF (XLTP3/(XCJ+1)-X(J)).GT.5.67E-5) XLTP3..5.67E-5*(X(J+1)-X(J))
FTMP-(XLAM1(J+1)+ZLTP3+XLTP1+XLTP2)/(X(J+1)-X(J-1))*(TEMP(J+1)**4
1 -TEMPJ**4)
F(J)-F(J)+FTMP

50 IF (J.NE.2) GO TO 70
60 FT'MPIm5 .67E-S5TEflPJ**4

IF (J.EQ.2) F(J-iL)mFTMP1
IF (J.EQ.JFIN) FCJ)---FTMP1

70 FTMP-F(J)-F(J-1)
C
C TNEV IS THE NEW GUESS AT A TEMPERATURE
C

FTNEW=FTNEW-0.5*FTMP*DTNH/ZM(J)
IF (ICOUNT.NE.1) GO TO 80
SAVEI aET(J)
SAVE2wPN(J)
SAVE3.FT2KEV
FSAVE1 -F( J)
FSAVE2-F(J-1)

80 TNEW-TEMPJ-FTNEW/(DEDT.0 .5*DV(J)*DPDT)
IF (KPRIN.NE.0.AND.J.EQ.JTS) WRITE (6,180) J,FTNEI,ET(J),DV(J),PN
1 (J),DEDT,DPDT,DFDT,TEMPJ,TNEW,FTNEW,XLAMI(J),XLAM2(J).F(J),F(J-1)
2 ,FO(J),FO(J-1),DTNH,ZM(J),TMIN,TMAX

*IF DEF,364
IF (ABS(TNEW-TEMPJ).LE.MALX1(DTMIN*CTNEW-300.O)/2.0,1.E-7)) GO TO
1 120

*ENDIF
*IF DEFB32

IF CABSCTNEW-TEMPJ).LE.DMAX1(DTMIN*(TNEW-300.o)/2.0,1.D-7)) GO TO
1 120

* ENDIF
IF (TNEW.LT.TEMPJ) GO TO 90
IF (TEMPJ.GT.TMIN) TMIN-TEMPJ
IF (TNEW.GT.TMAX) TNEW-TMAX
GO TO 100

90 IF (TEMPJ.LT.TMAX) TM.AX-TEMPJ
IF (TNEW.LT.TMIN) TNEW-TMIN

100 TEMPJ'O.!*'(TEMPJ+TNEW)
I COUNT.- ICOUNT+ 1
IF (ICOUNT.LE.500) GO TO 110
WRITE (6,190) J
JTS-J
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WRITE (6,180) J,FTNE1,ET(J),DV(J),PN(J),DEDT,DPDT,DFDT,TEMPJ,TiNEW
1 ,FTNEW,XLAM1(J) ,XLAM2(J),.F(J) ,F(J-1) ,FO(J),.FO(J-1) ,DTNE.ZM(J)
2 .TMIN,TMAX
JCYCSmMINO(N+5 .JCYCS)
GO TO 160

110 CONTINUE
GO TO (10.20). IGO
CALL GOTOER

120 TEMPO(J)-TEMP(J)
IF (TEMPJ.GT.1.2E4.OR.EI(J).GT.1.E-10) GO TO 130
ITER(J)'mO
TEMP (J) -TEMPJ
ETl(J)-ET( J)-FTNEW
GO TO 160

130 IF CABS(T"EMPJ-TEMP(J))-DTMIN*(TEMP(J)-300.0)) 140,140.150
140 I-TR(J)-O

ET,( J) -SAVEl1-SAVEZ
PN(J)-SAVE2
IF (IFLOW.EQ.O) GO TO 160
F( J)-FSAVE1
F( J-1 )-FSAVE2
GO TO 160

150 TEMP(J)inO.9*TS,-7(J)+O.1*TNEW
IF (TEMP(J).GT.1.20'TEMPO(J)) TEMP(J)-1.2O*TEMPO(J)
IF (TEMP(J).LT.TEMPO(J)/1.20) TEMP(J)-TEMPO(J)/1.20

160 IF (ITER(J).EQ.0) JCOUNT.JCOUNT+1
ZFM(J)-ZFN(J)*FIJOAT(NATOM(M))

170 CONTINUE
RETURN

C
180 FORMAT (6X,1HJ,7X,5HFTNE1 ,1OX,2HET,1OX,2HDT.1OX,2HPN,8X,4HlEDT,,8X,

1 4HDPDT,8X,4HDFDT,7X,5HTEMPJ,8Z,4HTNEW/4X, 13. P9E12.4//14X,5HYrTNEW
2 ,7X,5HXLAM1,7X,5HXLAM2,8X.4HF(J),6X,6HF(J-1),7X,5HFO(J),5X,7HFO(J
3-1),8X,4HDTNA,10X,2HZM/7X,1P9EI2.41/15X,4HTMIN,8X.4HTMAX/7X.lP2El2
4 .4/I)

190 FORMAT (10H J EQUALS ,Il0,5X,17HHAS NOT CONVERGED)
END
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*DECK REZONE
SUBROUTINE REZONE

*IF DEF,B32
IMPLICIT DOUBLEPRECISION(A-H ,O-Z)

* ENDI F
C
C HYPUF REZONING ROUTINE
C
*C~lJo BLANK
* C J.,7 EQVP
*CALL PLOTCH
*CA, RZCOM
* CALL SPLLC

DIMENSION ZFR(i0). ZFL(1O), SSR(10), SSL(1O)
DATA JDBG /0/

C
C LOOP OVER MESH
C

WTAPE-O0
IF (JDBG.EQ.1) CALL EDIT
JJPRIN-5
M-i
J-2
JJPRIN-J
SMAX-ABS( sMAX)

10 AAA-ABS(S(J)-RZCI)
IF (JDBG.EQ.1) WRITE (6,660) JFIN
AAA-AAA/ SMAX
IF (J-i.EQ.JBND(M)) N--i-
IF (J.GE.200) GO TO 600
IF (J.GE.JFIN) GO TO 600
ARZCO-AAA tRZCO

*IF DEF,B64
SLIM-AMAXI (RSCRIT ,ARZCO)

*ENDI F
*IF DEF,B52

SLIM-DMAXi (RSCRIT ,ARZCO)
*ENDIF

DELS-(S(J+1)-S(J) )ISMAX
ADELS -ABS(CDELS)
IF (JFIN.GE.200) GO TO 20
IF (J.GT.JSTAR) GO TO 600

C
JF-O
IF (JDBG.EQ.1) WRITE (6,670) J
IF (JDEG.EQ.i) WRITE (6,680) AAA,ARZCO,SLIM.DELS,ADELS,S(J),SMAX

C
C CHECK FOR DIVIDE
C
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IF (ADELS.GT.SJIM) GO TO 30
C
C CHECK FOR COMBINE
C

20 CONTINUE
IF CADELS.LT.(O.2*SLIM)) GO TO 410
J-J+1
IF (J.LT.JFIR) GO TO 10
GO TO 600

C
C DIVIDE LOOP
C

30 AU-ABS(U(J))
DISTRZ-.5*DTNl*CS(J)*NREZON*U(J)/AU
IF (JDBG.EQ.1) WRITE (6,690) DISTRZ,DTNH,CS(J),NREZON,U(J),AU
IF (DISTRZ.GT.0) GO TO 60
DO 40 LJ-1,J
LMl-LJ-1
DELX-X(LJ)-X(J)
IF (DELX.LT.DISTRZ) GO TO 50

40 CONTINUE
50 JF-MAXO(1,LM1).

GO TO 250
60 DO 70 LJ-J,JFIN

DELX=ABS(X(LJ)-X(J))
IF (DELX.GE.DISTRZ) GO TO 80
IF (JDBG.EQ.1) WRITE (6,700) J,LJ,JFIN.DELX

70 CONTINUE
C

80 NRZ1-LJ-J
NRZ2-NRZ1*(1 .1**NRZ1)
JF-MINO( J-iNRZ2 ,JFIN)

C
C REZONE TO RIGHT .

C
Ji -J
DO 240 LJmJl,JF.2
LMImLJ-1
LP1-LJ+1
IF (JDBG.EQ.1) WRITE (6,710) J.JF,LJ
ZMT-2.0OZM(LJ)
IF (ZMCLM1).GE.ZMT) GO TO 230
IF (ZM(LP1).GE.ZMT) GO TO 230
XL-(X(LJ)+X(LM1) )/2 .0
XR-X(LJ)
DELX-X(LJ)-X(LM1)
XMINm1 .E-8*CS(LJ)
IF (DELX.LE.XMIN) GO TO 230

C
C CHECK FOR MATERIAL BOUNDRIES
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C
DO 90 LM-t1,NMTRLS
IF (LJ.EQ.JBND(LM)) GO TO 110
IF ((LMl).EQ.JBND(LM)) GO TO 100

90 CONTINUE
IF (TSPALL(L8J).EQ.1.234) GO TO 240
IF (TSPALL(LJ).EQ.0.) GO TO 100
IF (TSPALL(LM1).EQ.1.234) GO TO 100
IF (TSPALL(LMI).NE.TSPALL(LJ)) GO TO 100
IF (TSPALL(L1J).NE.TSPALL(LPl)) GO TO 110

C
C DIVIDE INTERNAL ZONE
C

RZRL-(ZM(LMI)+ZM(LJ))/(z(LM1)+ZM(LJ)+zIM(LP1))
RZRR-1 .0-RZRL
Ll-LP1
L2-LPI
L3 -LM1
IA -LM1
GO TO 120

C
C DIVIDE ZONE WITH MATERIAL BOUNDRY AT LEFT INTERFACE
C

100 CONTINUE
RZRR=(O .5*ZM(LJ)+ZM(LP1 ))/(ZH(LJ)+ZM(LP1))
RZRLml .-RZRR
L1-LP1
L2 -LP 1
L:3-LJ
L4u.LPI
GO TO 120

C
C DIVIDE ZONE WITH MATERIAL BOUNDRY AT RIGHT INTERFACE..
C

110 CONTINUE
RZRLa(ZM(LM1 )+O. 5*ZM(LJ))/(ZM(LM1 )+ZM(LJ))
RZRR=1.-RZRL
Ll-UJ
L2 -UN1
L3-LMI
L4-LM1

120 CONTINUE
ZMR-0.5*ZM(LJ)
ZMkL-ZMR
UR-U(LJ)
UL-(ZMR*U(LM1 )+ZML*U(UJ))/ZM(LJ)

C
IF (JDBG.EQ.1) WRITE (6,720) DR,DL,V(LM1).V(LJ),V(LPl),Z{R,ZML,Z-M
1 (UJ)
SR-S(Li )'RZRR*(S(LJ)-s(L2))
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SL-S(L3)+RZRL" (SC LJ)-S(L4))
SDR-SD(L1 ).RZRR*(SD(LJ)-SD(L2))
SDL-SD(L3)+RZRL*(SD(LJ)-SD(L4))
SD2R-SD2(L1 ).4RZRR* (SD2(LJ)-SD)2(L2))
SD2L-SD2(L3)+RZRLs (SD2( LJ)-SD2( IA))
QUR-QU(L1 )+iRZRRs (QU(LJ)-QU(L2))
QUL-QU(L3)+RZRL*(QU(LJ)-QU(L4))

*IF DEF,B64
QUR-AMAX1 (QUR. 0.)
QUL-AMAXi (QUL .0.)

wENDI F
*IF DEF,B32

QUR-DMAX1 (QUR,0.DO)
QUL-DMAXI (QUL. .DO)

* ENDI F
YYR-YY(L1>JRZRR*(YY(LJ)-YY(L2))
YYL-YY(L3)+RZ"RL*(YY(LJ)-YY(L4))
ZZR-ZZ(IA )+RZRR*(ZZ(LJ)-ZZ(L2))
ZZL-ZZ(L3)+RZRL*(ZZ(LJ)-ZZ(L4))
VAMUR-VAHU(LJ)
QR=Q(L1 )+RZRR' (Q(LJ)-Q(1a2))
QL-Q(L3)+RZRL' (Q(LJ)-Q(L4))

*IF DEFB64
QR-AMAX1(QR,O.O)
QL-AMAXI(QL,O.O)

*ENDIF
*IF DEFB32

QR-DMAX1(QR,O.DO)
QL-DMAX1(QL,O.DO)

* ENDIF
VR-V(LJ)
VL-VR
DVR-DV(L1 )+RZRE' (DV(LJ)-DV(L2))
DVL-DV(L3)4RZRL' (DV(LJ)-DV(L4))
CSR-CS(L1 l).+RZRR' (CS(LJ)-CS(L2))
CSL-CS(L3)+RZRL' (CS(LJ)-CS(L4))
CSR-ABS(CCSR)
CSL -ABS (CSL)
QOR=QO(L1 )-+RZRR' (QO(LJ)-QO(L2))
QOL-QO(L3)+RZ.L*(QO(LJ)-QO(t,4))

*IF DEF,B64
QOR=AMAX1(QOR,O.)
QOL-AMAX1CQOL.O.)

ENDIF
*IF DEF,B32

QOR=DMAXl(QOR,O.DO)
QOL-D)MAX1 (QOL ,..DO)

*ENDIF
YQZR=YOZ(L1 )9RZRR'(YOZ(LJ)-YOZ(L2))
YOZL=YOZ(L3).'RZRL'(YOZ(LJ)-YOZ(L4))
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ER-E(Ll)+RZR(E(Li)-E(L2))
EL-E(L3)+RZRL* (E(LJ)-E(L4))
EL-ABS( EL)
ER-ABS(ER)
DE-E(L4) *ZM(LJ)/ (ER*ZNR+EL*ZHL)
ER-EE*DE
EL-EL*DE
EADDR-EADD(L1 )+RZRR*(EADD(LJ)-EADD(L2))
EADDL-EADD( L3 )+RZRL*(CEADD( 4) -EADD( L4))
EADDL-AES(CEADDL)
EADDR~-ABS (EADDR)
DE-O.0
IF (EADD(LJ) .NE.O.O) DE-EADD(LJ)*ZN(LJ)/(EADDR*ZMR+EADDL*ZML)
EADDR-EADDR*DE
EADDL-EADL*DE
PE-P(L1 )-sRZRR(P(LJ)-P(L2))
PL-P(L3)+RZRL* (P(IiJ)-P(L4))
PSM~AXRPSMAX(L)+RZR*(PSK4AX(LJ)-PSMAX(L2))
PsMAXL..PSMAXCL3)+RZRL* (PSMAXCLJ)-PSMAX(L4))
PSMINR.PSMIN(Ll)+RZRR*(PSMIN(LJ)-PSMINCL2))
PSMINL-PSMIN(L3)+RZRL*(PSMINCLJ)-PSMIN(L4))
PXR-PX(LJ)
PXL-O 5*(PX(L4M1)+PXR)
TEMPR-TEMP(LI )+RZRR* (TEMP(LJ)-TEMP(L2))
TEMPL-TEMP(L3)+RZRL*{TEMP(LJ)-TEMP(L4))
TSPLLR-TSPALL(L.J)
TSPLLL-TSPLLR
ZFHPR-ZFM(L1 )+RZR(ZFM(LJ)-ZFM(L2))
ZFML-ZFM(L3)+RZRL*(ZF)(LJ)-ZFM(L4))
EIR-EI(L1 )+RZRR* (EICLJ)-EI(L2))
EILawEI(L3>$.RZRL* (EI(LJ)-EICL4))
EIL-ABS(EIL)
EIR=ABS(CEIR)
DE-O.O
IF (EI(LJ).NE.O.O) DEa.EI(LJ)*ZM(LJ)/(EIR*ZYR+EIL*ZHL)
EIR-EIR*DE
E IL=E ILDE
FR-FCL1 )*RZRR*~(F(LJ)-F(L2))
FL-F(L3)+RZRL*(F(LJ)*-F(L4))
FOR-FOCLi )+RZRR' (FO(LJ)-FO(L2))
FOL-FO(L3)-RZRL*(FO(ALJ)-FO(L4))
NEL-NELEM(M2)
DO 130 NN-1.NEL
ZFR(NN),-ZF(NN,Ll)+RZRR*(ZF(NN,LJ)-ZF(NN.L2))
ZFL(N1N)-ZF(NN ,L3)+RZRL' (ZF(NN ,LJ)-ZF(NN ,L4))

130 CONTINUE
DO 140 LL-1,NSPEC
SSR(LL)-SS(L1 ,LL)+RZRR(SSLJ,LL)-SS(L2,LL))
SSL(LL)-SS(L3 ,LL)+RZRLT* (SS(LJ ,LL)-SS(L4 ,LL))

140 CONTINUE
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IF (JDBG.EQ.1) WRITE (6,730) RZRL,RZRR.XL.XR,UL,UR,TSPLLL,TSPLLR
C
C SHIFT ZONAL PROPERTIES TO CORRESPOND TO NEW MESH
C

JJJJ-JFIN-LJ
DO 170 JJJ-1,JJJJ
JJ-JFIN-JJJ+l
IF (JDBG.EQ.1) WRITE (6,650) JJ
X(JJ+1 )-Z(JJ)
U( JJ+1 )-U(JJ)
ZM( JJ+1 )-ZN(JJ)
S(JJ+1 )-S(JJ)
SD( JJ+1 )-SD(JJ)
SD2(JJ+1 )-SD2( JJ)
QUC JJ+i )-QU(JJ)
TYC JJ+s1 )-YY(JJ)
VANU(JJ+1 )mVANU(JJ)
ZZ(JJ+1 )-ZZ(JJ)
Q(JJ+i )-Q(JJ)
V(JJ+1 )-V(JJ)
DV(JJ+1 )-DV(JJ)
CS(JJ+1 )-CS(JJ)
QO(JJ+i )-QO(JJ)
YOZ(JJ+1 )-YOZ(JJ)
E(JJ+s1 )-E(JJ)
EADD( JJ4I )-EADD(JJ)
PCJJ+1 )wP(JJ)
PSHAXC JJ+1 )mPSMAX(JJ)
PSMIN(JJ+1 )-PSMIN(JJ)
PX(JJ+1 )-PX(JJ)
TEMP(JJ+1 ) TEMP(JJ)
TSPALL(JJ+1 )-TSPALL(JJ)
ZFM( JJ+1 )-ZFM(JJ)
EI(JJ+1 )-EI(JJ)
F(JJ+1)-F(JJ)
FO(JJ+1 )-FO(JJ)
NEL-NELEM( H)
DO 150 Ni ,NEL
ZF(NNi,JJ+1 )-ZF(NN,JJ)

150 CONTINUE
DO 160 LL-i,NSPEC
SS(JJ+s1 ,LL)SS(JJ,LL)

160 CONTINUE
170 CONTINUE

C
C INPUT PROPERTIES OF NEW ZONES INTO THE NEW MESH
C

X(LP1 )-XR
X ( U) -XL
IF (JDBG.EQ.1) WRITE (6,790) LJ,X(LJ),X(LP1)
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U(LPI )mUR
U(LJU) -U.L
ZM(LP1 )-ZMP
Z)(CiA)mZHLf
S(LPl)-SR
Sc U) -SL
SD(LP1 )mSDR
SD(LJ)-SDL
SD2(LP1 )-SD2E
SD2(LJ ) SD2L
QU(C P 1) QUR
QU CA) -QUL
VAMU(UP1 )-VAMURl
VANU(LJ)-VAMUR
YYCLP1 )-YYR
YY(LJ)-YYL
ZZ(LP1 )-ZZR
ZZCIA) -ZZU
Q(LP1 )-QR
Q C U) QL
V(LP1 )-VR
V (Li) VL
DV(LPl)-DVR
DV C U)-UDVU
CS(LPI )-CSR
CS(LJ)-CSL
90CLF1 )mQOR
QOC U) -QOL
YOZ(UP1 )iYOZR
YOZ(LJ ) YOZL
ECUP 1)-ER
E C U) -EL
EADD(LP1 )-EADDR
EADDC U ) EADDL
P(UP1 )-PR
P CU) -PU
PSHAX(UP1 )-PSHAXR
PSMAX(LJ) -PSMAXL
PSHIN(LPI )mPSMINR
PSMIN(LU) -PSMISL
PX(LP1 )mPXR
PX(Lc:)-PICL
TEMP(LP1 )mTEMPR
TEHP(UJ)-TEMPL
TSPALL(LP1 )-TSPULR
TSPALL(U ) -TS PLL
ZFM(LP1 )uZFMR
ZFM(LJ)-ZFML
EI(LP1 )-EIR
EI(LJ)-EIL

A-1 02



HYPUF SOURCE LISTING

F(LP1 )-FR
F(LJ)-FL
FO(LP1 )-FOR
FO(LJ)mFOL
NEL-NELEM( N)
DO 180 NJ-i ,NEL
ZF(NN,LP1 )-ZFrR(N)
ZF (NJ ) -ZFL (NJ)

I80 CONTINUE
DO 190 LI.-1,NSPEC
SS(LPi ,LL)-SSR(LL)
SS(LJ.LL)-SSL(LL)

190 CONTINUE
DO 200 UM-1,NMTRLS
IF (JDBG.EQ.1) WRITE (6,740) J,LJ,JEIID(UN)
IF (LJ.G.T.JBND(144)) GO'TO 200
JBND)(LM) -JBNDC LM)+1
IF (JDBG.EQ.l1) WRITE (6,740) J,LJ,JEND(LN)

200 CONTINUE
IF (NJEDIT.EQ.0) GO TO 220
DO 210 LL-1,NJEDIT
IF (LJ.GT.JEDIT(LL)) GO TO 210
JEDIT(LL) -JEDIT(LL)+i

210 CONTINUE
220 CONTINUE

IF (LM1.LE.JHAT) JHAT-J1HAT+l
IF (LMl.LE.JSMAX) JSMAX-JSMA4.1
IF (LM1.LE.JSTAR) JSTAR-JSTAR+l
IF (LM1.LE.JTS) JTS-JTS~i
JFIJ mJFIN+ 1
IF (JFIN.GE.200) GO TO 600
J-J+1

230 CONTINUE
J-J+i
IF (J.GE.JFIN) GO TO 600

240 CONTINUE
J-J+1
JJPRIN-J
GO TO 10

C
C. REZONE TO LEFT OF GRADIENT (DIVIDE ZONES)
C

250 CONTINUE
JF-MAXO( JF,.JJPRIN)
JJJ-J- 1-JF
LL. 1
IF (JDBG.EQ.1) WRITE (6,750) J,JF
DO 400 LLL-1,JJJ
LJ-J-LLL+ 1
LMI-LJ-1
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LPI-LJ+l
ZMT-2.-0*ZMCLJ)
IF (ZM(LMI).GE.ZMT) GO TO 400
IF (ZM(LPl).GE.ZMT) GO TO 400
IF (JDBG.EQ.1) WRITE (6,760) UJ
IF (LJ.LT.JJPRIN) GO TO 400
KICINmi.E-84CS(LJ)
DELXY-X(LJ)-X(LMI)
IF (DELZ.LE.XHIN) GO TO 400
XL=(X(LJ)+X(LMI))/2 .0
XR-X(LJ)

C
C CHECK FOR MATERIAL BOUNDRIES
C

DO 260 L14-1.NMTRLS
IF (JDBG.EQ.1) WRITE (6,770) LJ,JBND(LM)
IF (LJ.-rQ.JBND(L')) GO TO 280
IF ((LMl).EQ.JBND(LM)) GO TO 270

260 CONTINUE
IF (TSPALL(LMl).EQ.1.234) GO TO 270
IF (TSPALL(LJ).EQ.1.234) GO TO 400
IF (TSPALL(LJ).EQ.0.) GO TO 270
IF (TSPAIJL(LJ).NE.TSPALIL(LH1)) GO TO 270
IF (TSPALL(LJ).NE.TSPALL(LPI)) GO TO 280

C
C DIVIDE INTERNAL ZONE
C

RZRL-(XL-X(LJ-2) ) / (R-X(LJ-2))
RZRR-(X(LP1 )-ZL)/(X(LP1 )-X(LMI))
Li-LP1
L2-LP1
L3-LM1
L4 -LMi
GO TO 290

C
C DIVIDE ZONE WITH MATERIAL BOUNDRY AT LEFT INTERFACE..
C

270 CONTINUE

RZRL'1 .-RZRR
L1 -LP 1
L2-LP1
L3-LJ
L4 -LP 1
GO TO 290

C
C DIVIDE ZONE WITH MATERIAL BOUNDRY AT RIGHT INTERFACE .

C
280 CONTINUE

RZRL-(ICL-X(LJ-2) )/(XR-X(LJ-2))
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RZRR-1.-RZRL
Li -L
L2-LM1
L3-LM1
L4-LM1

290 CONTINUE
ZNR-O 5*ZM(LJ)
ZML-ZMR
UR-U(LJ)
UL.( Z3f*U(M1)+Z1IL*U(LJ) )/ZMCUJ)

C
IF (JDEG.EQ.1) WRITE (6,720) DR,DLV(LM1).V(UJ),V(LP1),ZR,ZL,Z4
1 (Ui)
SR-S(L1 )4RZRR*(S(UJ)-S(L2))
SLamS(L3)4RZRL*(S(UJ)-S(L4))
SDR-SD(Ll)4RZRR*(SD(UJ)-SD(L2))
SDL-SD(L3)+RZRL' (SD(LJ)-SD(L4))
SD2R-SD2(L1 )+RZRR*(SD2(LJ)-SD2(L2))
SD2L.5D2(L3)J.RZRL* ( D2(UJ)-SD2(L4))
QUR-QUCLi )+RZR(QU(UJ)-QUCL2))
QUL-QU(L3).,RZRL* (QU(LJ)-QUCL4))
VAMUR-VAMfU C )

*IF DEF,B64
QUR-AMAX1(QUR.0.)
QULmAAX1(QUL,0.)

*ENDIF
*IF DEF,B32

QUR-DMAXi (QUR, 0.DO)
QULmDMAX1 (QUL,0.DO)

*ENIF
TYR-TYCLi ).RZRR*(YY(LJ)-YY(L2))
YYL-TY(L3)+RZRL*(TT(LJ)-TY(L4))
ZZR-ZZCLi)+RZR(ZZ(LJ)-ZZCL2))
ZZL-ZZ(L3)+RZRL*(ZZ(LJ)-ZZ(L4))
QRmQCL1 )..RZRR* (Q(LJ)-Q(L2))
QL-QCL3)+RZRL* (Q(UJ)-Q(L4))

*IF DEFB64
QR.AMAXi(QR,o.)
QL-AMAX1(QL,0.)

*ENDIF
*IF DEF,B32

QR-DMAXI(q .0.DO)
QL-DMAX(QL,0.DO)

*ENDIF
VR-V(LJ)
VL-VR
DVR-DV(L1 )+RZRR*(DV(UJ)-DV(L2))
DVL-DV(L3)+RZRL* (DV(LJ)-DV(L4))
CSR-CS(L1 )+RZRR*(CS(LJ)-CS(L2))
CSL-CSCL3)+RZRL*(CS(LJ)-CS(L4))
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CSR-AES (CSR)
CSLwABS(CSL)
QOR-9O(L1 )+RZRR* (QO(LJ)-QO(L2))
QOLmQO( L3)+RZRL* (QO(LJ)-Qo(L4))

*IF DEF,B64
QOR-AMAX1(9OR.0.)
QOL-AMAX1 (QOL, 0.)

*ENDI F
*IF DEF,B32

QOR-DMAX1CQOR,0 .DO)
QOL-DMAXI(QOL,0.DO)

* ENfIF
YCZR-YOZ(Ll)+RZRR*(YOZ(LJ)-YOZ(L2))
YOZL-YOZ(L3)'-RZRL*CT0Z(LJ)-YOZ(L4))
ER-ECLi )*RZRRI(E(LJ)-E(L2))
ELu'E(L3)4RZRL* (E(LJ)-E(L4))
EL-ABS(EL)
ER-ABS(ER)
DE-E(LJ)*ZM(LJ)/ (EL*ZXMLER*ZMR)
EL-EL *DE
ER-ER*DE
EADDR-EADD(L1 ).RZRR* (EADD(LJ)-EADD(L2))
EAIlDL-EADD(L3)+RZRL* (EAflD(LJ)-EADD(L4))
EAflDL-ABS( EADDL)
EAflDR-ABS(CEADDR)
DEmO .0
IF (EADD(LJ).NE.O.0) DEu-EADD(LJ)*ZM(LJ)/(EAfDR*ZR+EADDL*ZML)
EADDL-EADDL *DE
EAflDR-EADDR *DE
PR-P(LI )+RZER*(P(LJ).-P(L2))
PLamP(L3)+RZRL* (P(LJ)-P(L4))
PS1LAXRmPSlMAX(L1 )+RZRRS (PSNAX(LJ)-PSNAX(L2))
PSHAXL-PSMAX(L3)+RZRL (PSMAX(LJ)-PSMAX(L4))
PSMINR-PSMIN(L1 )+RZRR*(PSMIN(LJ)-PSMIN( L2))
PSMINL-PSMIN(L3)+RZRL* (PSMIN(LJ)-PSMIN(L4))
PXR-PX( U)
PXL-0 .5*(PX(LM1 )+PXR)
TE1{PR-TEMP(L1 )+RZRR* (TEMP(LJ)-TEMP(L2))
TEMPL-TEIP( L3)+RZRL*(TEMP(LJ) -TEMP(L4))
TSPLLRinTSPALL(LU)
TSPL-LL-TSPLLR
ZFME-ZFM(L1 )+RZRR* (ZFM(LJ)-ZFMC L2))
ZFMLimZF(L)+RZRLI*(ZFM(LJ)-ZFMCL4))
EIR-EI(L1 )+RZRR(EI(LJ)-EI(L2))
EI~mEI(L3)+RZRL*(EI(LJ)-EI(L4))
EILW-AES( LIL)
EIR-ABS( EIR)
DEwO .0
IF (EI(LJ) .NE.0.0) DE-EI(LJ)*ZM(LJ)/(EIR*ZMR+EIL*ZML)
E L -EIL UDE
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E IR-E IRSDE
FR-F(L1 )+RZRR*(F(L.J)-F(L2))
FL-F(L3)+RZRI (F(IaJ)-FCL4))
FOR-FO(L1 )+RZRR*(FO(LJ)-FO(L2))
FOL-FO(L3)+RZRL*(FO(LJ)-FO(L4))
NIEL-NEI.EM( )
DO 300 N2K-1,NEL
ZFR(NN)-ZF(NN , Ll)RZRR*(ZF(NN.LJ)-ZF(NN,L2))
ZFL(NN)-ZF(NT,L3)4-RZRL' (ZF(NN,LJ)-ZF(NN,L4))

300 CONTINUE
DO 310 LL-1,NSPEC
SSR(LL)-SS(L1 ,Lul)+RZRR*(SS(LJ,LL)-SS(L2.LL))
SSL(LL)-SS(L3,LL)*RZRL*(SS(LJ,LL)-SS(L4 ,LL))

310 CONTINUE
IF (JDBG.EQ.1) WRITE (6,730) RZRL,RZRR,XLXR,UL.UR,TSPLLLT-SPLLR

C
C SHIFT ZONAL PROPERTIES TO CORRESPOND TO NEW MESH
C

JJJJ-muFIN-LJ
DO 340 JJQ-1 ,JJJJ
JJ-JFIN-JJQ+ 1
IF (JDBG.EQ.1) WRITE (6,780) JJ
XC JJ+1 )uu(JJ)
U(JJ+1 )-U(JJ)
ZM(JJ+1 )-ZM(JJ)
S(JJ+1).s(JJ)
SD(JJ+1 )-SD(JJ)
SD2( JJ+1 )-SD2(JJ)
QU(JJ+1 )mQU(JJ)
VAMU(JJ+1 )-VAKU(JJ)
YY( JJ+1 )-YY(JJ)
ZZ(JJ+1 )-ZZ(JJ)
Q( JJ+1 )=Q(jj)
VCJJ+1 )-V(JJ)
DV(JJ+1 )-DV(JJ)
CS(JJ+1 )-CS(JJ)
9O(JJ+1 )mQO(JJ)
YOZ( JJ+1 )-YOZ(JJ)
E(JJ+1 )-E(JJ)
EADD(JJ+1 )-EADD(JJ)
P(JJ+1)-P(JJ)
PSMAX(.JJ+1 )uPSMAX(JJ)
PSMIN(J+1 )-PSMIN(JJ'
PX(JJ+1 )-PX(JJ)
TEMP( Jv'+1)-TEMP(JJ)
TSPALLC JJ+1 )-TSPALL(JJ)
ZFM(JJ+1 )-ZFM(JJ)
EI( JJ*1 )-EI(JJ)
F(JJ+1 )-F(JJ)
FO(JJ+1 )-FO(JJ)
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NEL-NELEM( H)
DO 320 lN-1,NEIJ
ZF(NN.JJ-1)-ZF(NN.JJ)

320 CONTINUE
DO 330 LL-1,NSPEC
SS(JJ+1 ,LL)-SS(JJ,LL)

330 CONTINUE
340 CONTINUE

C
C INPUT PROPERTIES OF NEW ZONES INTO THE NEW MESH
C

X(LP1 )-XR
X(LJ)-ZL
IF (JDBG.EQ.1) WRITE (6,790) LJ,X(LJ),X(LPl)
U(LP1 )-UR
U(Lj)-UL
ZM(LP1 )-ZMR
Zn ( ) -ZML
S(LP1 )-SR
S(LJ)-SL
SD(LP1 )-SDR
SD(UJ)-SDL
SD2(LP1 )-SD2R
SD2(UJ)-SD2L
QUCUPi )mQUR
QU(UJ).QUL
VAMUC UP1) -VAMUR
VA14U( U) -VAMUR
YY(LP1 )-YYh
YY(UJ)-YYL
ZZ(LP1 )-ZZR
ZZ(UJ)-ZZL
Q(LP1 )-QR
Q(LJ)-QL
V(LPl)-VR
V(..J)-VL
DV(LP1 )-DVR
DV(UJ)-DVL
CS(LP1 )-CSR
CS ( ) -CSU
QO(LP1 )-QOR
QO(LJ)-QOL
YOZCLP1 )-YOZR
YOZ(LJ)-YOZL
E(LP1 )uER
E(LJ)-EL
EADD(LP1 )-EADDR
EADD(LJ) -EADDU
P( UPi)-PR
P(LJ)-PL
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PSMAX( LPA.) -PSMAXR
PSMAX( ) -PSHAXL
PSMIN(LP1 )-PSMINR
PSMIN( U) mPSMIN"L
PX(LP1 )-PXR
PX(LJ)-PXL
TEMP(LP1 )-TEMPR
TEMP CU) -TEMPL
TSPALL.(LPI )-TSPLLR
TSPALJ ) -TSPLLL
ZFM(LP1 )-ZFNR
ZFM( U) -ZFNL
EI(LP1 )-EIR
EI(LJ)-EIL
F(LP1 )-FR
F(LJ)=FL
FOCUPi )-FOR
FO(LJ)-FOL
NEL.NELEM( H)
DO 350 NN-i ,NEL
ZF(NNI,LP1 )-ZFR(NN)
ZF (NM ,LJ) -ZFL(CNN)

350 CONTINUE
DO 360 LL-1,NSPEC
SS(LP1 ,LL)-s 'SR(LL)
SS(LJ,LL)-SSL(LL)

360 CONTINUE
DO 370 UN-i ,NMT'"iJs
IF (JDBG.EQ.2, WRITE (6,740) J.UJJBND(UN)
IF (LJ.GT.JBND(LM)) GO TO 370
JEND(LM) =JBND(UM)+l
IF (JDBG.EQ.1) WRITE (6,740) J,LJ,JBND(LM)

370 CONTINUE
IF ZNJEDIT.EQ.O) GO TO 390
DO 380 LU-i ,NJEDIT
IF (LJ.GT.JEDIT(UL)) GO TO 380
JEDIT(11 L) -JEDIT(UL)+i

380 CONTINUE
390 CONTINUE

IF (LJ.LE.JHAT) JHAT-JHAT+i
IF (L.J.LE.JSMAX) JSMAX-JSMAX~i
IF (L.J.LE.JSTAR) JSTAR-JST4AR+i
IF (LJ.UE.JTS) JTS-JTS~i
JFIN-JFIN+i
IF (JFIN.GE.200) GO TO 600
ILLLL
IF (JDBG.EQ.i) WRITE (6,800) JYIN

400 CONTINUE
J uJ4-LL
JJPRIN-J
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GO TO 10
410 CONTINUE

C
C COMBINE ZONE IF ZONE J+l IS NOT TOO HEAVY
C

IF (ZM(J+1).GE.2.O*ZNCJ)) GO TO 590
IF (J+1.GE.JFIN) GO TO 420
IF (ZMt'J+1).GE.2.O*ZM(J+2)) GO TO 590

C
C COMBINE ZONE IF ZONE J3 IS NOT TOO HEAVY
C

420 IF (J.LE.2) GO TO 430
IF (ZM(J).GE.2.0*ZMCJ-1)) GO TO 590

430 CONTINUE
IF (ZM(J).GE.2.0*ZM(J+1)) GO TO 590

C
C COMBINE ZONE (IF NOT ON A MATERIAL BOUNDRY)
C

DO 440 LM-1,NMTRLS
IF (J.EQ.JBND(LM)) GO TO 590

440 CONTINUE
Cv
C COMBIN1 ONE IF NOT AT A JEDIT LOCATION
C

IF (NJEDIT.EQ.O) GO TO 460
DO 450 lm-1,NJEDIT
IF (J.EQ.JEDIT(LM)) GO TO 590

450 CONTINUE
460 CONTINUE

C
C COMBINE ZONE IF NOT ON A PHASE OR SPALL BOUNDARY
C

IF (TSPALL(J).NE.TSPALL(J+1)) GO TO 590
IF (TSPALL(J).EQ.1.234) GO TO 590
IF CTSPALL(J).EQ.0.) GO TO 590
IF (TsPALL(J+1)..EQ.1.234) GO TO 590
IF (TSPALL(J+1).EQ.O.) GO TO 590
IF (JFIN.LE.10G) GO TO 590
IF (JDBG.EQ.1) WRITE (6,810)
X(J)-X(J+1)
Hlin(ZM(J-1)+ZM(J))*U(J-1)+.(ZM(j)+zm(j+1))at(J)+(ZM(J+1)+ZM(J+2))*U
1 (.3+1)

Z2=ZM(J)+ZM(J+1 )+ZM(J+2)
AludZM(J+2)+Zl)*Zl

I *U(J)).ZM(J+1)*((U(J)+U(J+1))*U(J)+U(J.1)*U(J+1))+ZN(J+2)*(U(J.-i1)
2 +U(J+2))*U(J+1)
A3-H * (H1+ZM(J.2) *U(J+2) )-Z2*El
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UL-.5*A2/Al
URw(Hl;.ZI *UL)/Z2
DET-A2*'A2-4. *Al*A3
IF (DET) 470,480,480

470 CONTINUE
C
C UL AND UR HAVE COMPLEX VALUES. WE MERELY TAKE THE REAL PART OF
C UL AND UR AND CALCULATE THE RESULTING NONCONSERVATION OF KINETIC
C ENERGY. THI S NONCONSERVATION TERM WILL BE ADDED TO THE INTERNAL
C ENERGY OF THE NEWLY COMBINED ZONE TO ENSURE COMPLETE CONSERVATION
C OF ENERGY.
C

DE(l(MJ1*(-)Z*L*L(MJ+MJ1)U*R(MJ2*
1 (J+,2)+Z2*UR)*UR)/6.

GO TO 500
480 CONTINUE

C
C UL AND UR ARE REAL. HOWEVER BOTH UR AND UL CAN EACH TAKE ON ONE
C OF TWO VALUES. BOTH PAIRS OF VALUES SATISFY BOTH CONSERVATION OF
C MOMENTUM AND CONSERVATION OF KINETIC ENERGY. THEREFORE WE SELECT
C THE PAIR OF VALUES WHICH IS CLOSEST TO THE VALUES OF U(J-1) AND
C U(J+1).
C

Ul- . 5SQRT(DET)/Al
U2 mZl1* Ul1/Z2
TEST-UL*Ul4U2*U(JI)-Ul *U(J-1 )-UR*U2
IF (TEST.GT.0.) GO TO 490
U1-UL+Ul
UR-UR-U2
DE-O.
GO TO 500

490 CONTINUE
ULwUL-U 1
URwUR+U2
DE-0.

500 CONTINUE
ZMINV-1 .0/(ZM(J)+ZM(J+1))
E(J)i(E(J)*ZM(J)+E(J+1)*ZM(J+1)+DE)*ZMINV
S(J)in(S(J)*ZM(J)+S(J+l)*ZM(J+1))i*ZMINV
SD(J)-(SD(J)*ZM(J)+SD(J,1)*ZM(J+1))*ZMINV
SD2(J)-(SD2(J)*ZM(J)±5D2(J+1)sZM(J+l))*ZMINV
QUCJ).(QU(J)*ZM(J)+QU(J+l)*ZM(J+i))WZMINV
VA'MU('J)-(VAMU(J)*ZM(J)+VAMU(J,1)*ZM(J+l ) )'ZMINV
YY(J)m(YY(J)*ZM(J)+YY(J+i)*ZM(J+1))*ZMINV
ZZCJ)-(ZZ"(J)*ZM(J)+ZZ(J+1 )*ZM(J+i))*ZMINV
Q(J>-(Q(J)*ZM(J)+Q(J+1)*zM(J+1))*zMINV
V(J)m(V(J)*ZM(J)+v(J+1)*ZM(J+1) )*ZMINV
DVCJ)i(DV(J)*ZM(J)+DV(J+1)*ZM(J-1~))*ZMINV
CS(J)-(CS(J) *ZM(J)+cs(J+1 )*SM(J+ ) ) ZMINV
QO(J)m(QO(J)*ZM(J)+Q0(J+1)*ZM(J+1))*ZMINV
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YOZ(J)w(YOZ(J)*ZM(J)+YOZ(J+1)*ZM(J+1) )*ZNINV
EADD(J)-(EADD(J)*ZM(J)+EADD(J+1)*ZM(J+1))*ZMINV

PX(J)-PX(J+1)
PSMX(J)-(PSAXJ)*ZM(J)+PSMAX(J+1)*ZM(J+1))*ZMINV
PSMIN(J)-(PSMXN(J)*ZM(J)+PSMIN(J+1)*ZM(J+1))*ZMINV
TEMP(J)-(TEMP(J)*ZM(J)+TEMP(J.1)*ZM(J+1 ))*ZMINV
ZFH(J)m(ZFM(J)*ZM(J)+ZFM(J+1)*ZM(J+ ) )*ZMINV
EI(J)-(EI(J)*ZM(J)+EI(J+1 )*ZM(J+1 ) ) ZHINV
F(J)-(F(J)*ZM(J)+F(J+1)*ZM(J+1 ))*ZMNV
NNN-NELEM( H)
DO 510 NN-1,NNN
ZF(NN,J)-(ZF(N1,J)*ZM(J).JZF(NNJ+1)*ZM(J+1))*ZMINV

510 CONTINUE
DO 520 LL-1.NSPEC
SS(JLL)um(SS(J,LL)*ZH(J)+SS(J+1,LL)*zm(J+i))*ZMINV

520 CONTINUE
ZM(J)-ZM(J)+.ZM(J+1)
U(J-i )mUL
U(J)-UR

C
C SHIFT ZONES TO THE LEFT AFTER COMBINING..
C

jjju1 J4-
DO 550 JJ-JJJ,JFIN
X(JJ)-X(JJ+1)
U(JJ)-u(jJ+i)
ZM(JJ).zm(JJ+1)
S(JJ)-S(JJ+1)
SD(JJ)-SD(JJ+l)
SD2(JJ)-SD2(JJ+l)
QU(JJ)-QU(JJ+1)
VAMtJ(JJ)-VAMU(JJ+1)
YY(JJ)..YY(JJ+1)
ZZ(JJ)-ZZ(JJ+1)
Q(JJ)-Q(JJ+1)
V( JJ)-V(JJ+1)
DV(JJ)-DV(JJ+1)
CS(JJ)=CS(JJ+e.)
QO(JJ)=QC(JJ+1)
YOZ(JJ)-YOZ(JJ+1)
E(JJ)-E(JJ+l)
EADD( JJ) -EADD( JJ+i)
P(JJ)-P(JJ+l)
PX(JJ).PX(JJ+1)
PSMAX(JJ)-PSMAX(JJ+1)
PSMIN(JJ)uPSMIN(JJ+1)
TEMP(JJ)-TEMP( JJ+1)
TSPALL"(JJ)-TSPALL(JJ+1)
ZFM(JJ)=ZFM(JJ+1)
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EI(JJ)-EI(JJ4-)
F( JJ)-F(JJ+l)
NNN-NELEM( N)
DO 530 Nil-i,NNX
ZF(NY, JJ)-ZF(NN, JJ+l)

530 CONTINUE
DO 540 LL-1.NSPEC
SS(JJ.LL)-SS(JJ+1 ,LL)

540 CONTINUE
550 CONTINUE

DO 560 LM-1,NMTRLS
IF (JDBG.EQ.1) WRITE (6,740) J,J,JEND(LM)
IF (J.GT.JBND(LM)) GO TO 560
IF (JBNDCLM).NE.O) JBND(LM)-JBND(LM)-1
IF (JDBG.EQ.1) WRITE (6,740) J,J,JBND(LM)

560 CONTINUE
IF (NJEDIT.EQ.O) GO TO 580
DO 570 LM=1,NJEDIT
IF (J.GT.JEDIT(LM)) GO TO 570
IF (JEDIT(LM) .NE.O) JEDIT(LM)-JEDIT(LM)-1

570 CONTINUE
580 CONTINUE

IF (J.LE.JHAT) JHAT-JHAT-1
IF (J.LE.JSMAX) JSMAX-JSMAX-1
IF (J.LE.JSTAR) JSTAR-JSTAR-1
IF (J.LE.JTS) JTS-JTS-1
JFIN-JFIN-1

590 CONTINUE
J-J+1
JJPRIN-J

C RETURN TO INITIAL LOOP THffU MESH TO CHECK FOR COMBINE AND DIVIDE
C

GO TO 10
600 CO'NTINUE

IF (JDBG.NE.1) GO TO 620
DO 610 NJ-1,JFIN
WRITE (6,820) NJ,X(NJ)

610 CONTINUE
620 CONTINUE

Jl-MAXO(JHAT, JSTAR)
MS-i
SK2Ml-1 .1*SK2M
DO 640 J-2,J1
DX-X(J)-X(J-1)
IF (TSPALL(J).NE.1.234) GO TO 630
MS-MS+1
DX-XS(MS)-X(J-1)

630 CONTINUE
-IF ZEF,B64
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SK2Ml-AMAX1(CS(J)/DX, SK2M1)
*ENDIF
-IF DEF,B32

SK2M-DMAX1 (CS(J)/DX, SK2Ml)
*ENDIF

640 CONTINUE
-IF DEF,B64

SK2M-AMAX1 (SK2M, SE2M1)
*ENDIF
*IF DEF.B32

SK2M-DMAXI (SK2M, SK2M1)
*ENDIF

IF (JDBG.EQ.1) WTAPE-1.O
CALL EDIT
RETURN

C
650 FORMAT (40H SHIFT ZONAL PROPS AFTER DIVIDE... JJ 1 ,I6)
660 FORMAT (13H **990 JFIN -,17)
670 FORMAT (14H "*'REZONE J -,16)
680 FORMAT (44H AAA, ARZCO, SLIM, DELS, ADELS, S(J), SMAX -,lP7E12.3/)
690 FORMAT (44H *** DISTRZ, DTNH, CS(J), NREZON, U(J), AU -,/5X,lP3EII

1 .3,I7,1P2EII.3/)
700 FORMAT (22H0 J, LJ, JFIN, DELX -,317,1PE12.4)
710 FORMAT (31HO REZONE TO RIGHT J, JF, LJ -,317)
720 FORMAT (40H DR,DL,V(J-1).V(J),V(J+1),ZMR,ZML,ZM(J) /5X,1P8E12.4/)
730 FQRMAT (43H RZRL. RZRR, XL, XR, UL, UR, TSPLLL, TSPLLR/5X,IP8E12.4

1 I/)
740 FORMAT (21H0 J, .U, JBND(LM) -,317)
750 FORMAT (30H REZONE LEFT OF GRADIENT FROM,15,3H TO,15/)
760 FORMAT (12H *'* LJ -,18)
770 FORMAT (18H REZON LEFT LJ - ,17,17H JBND(LM) - .17)
780 FORMAT (39H SHIFT ZONE PROP. AFTER DIVIDE.. JJ - ,16)
790 FORMAT (iSH COMBINE J - .16,7H X(J) -,1PE12.4.9H X(J+1) m,1PE12.

1 4/)
800 FORMAT (12H***** JFIN -,16)
810 FORMAT (18H COMBINE TWO ZONES/)
820 FORMAT (4K J -,I7,6H X -,E10.3)

END
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*DECK SARA
SUBROUTINE SARA

*IF DEFB32

IMPLICIT DQUBLEPRECISION(A-HO-Z)
*ENDIF

C
REAL LGDEL

C
*CALL BLANK
*CALL AA
*CALL AC
*CALL EQFL
*CALL INDX

DIMENSION A(7,10). RMAX(10)
C
C THIS ROUTINE CALCULATES THE DEGREE OF IONIZATION IN THE MESHES
C AND THE ENERGY FLOW ACROSS MESH BOUNDARIES WHEN GIVEN
C MESH VOLUMES AND TEMPERATURES.
C

DATA A, RMAX /700.,100./
*IF DEF,B64

ZSTAR-AMAXl(ZFM(J), 1.E-20)
SENDIF

*IF DEF,B32
ZSTAR-DMAXI(ZFM(J), 1.D-20)

*ENDIF
XNATOM-6.02E23/XHW(M)/V(J)
FXPC-2.43El5*TEMP(J)1i .5/XNATOM
IF (FXPC.GT.i.0) GO TO 20

C
C HERE WE MAKE A ROUGH GUESS AT THE VALUE OF THE IONIZATION
C WHEN IT IS SMALL
C

ZSTAR-0.0
DO 10 Ni-iNEM
N= IELEM(M,N1)

C AVOID EXP UNDERFLOW
ARGEXP--XI(N, 1)/8.64E-5/TEMP(J)
EXPR-0.0
IF (ARGEXP.GT. -675.) EXPR-EXP(ARGEXP)

10 ZSTARmZSTAR+SQRT(FXPC*EXPR)*AF(M,N)*FLOAT(NATOM(M))
C
C FOR LARGER IONIZATIONS THE GUESSED VALUE IS TAKEN AS THE LAST
C VALUE -- ZFM(J)
C

20 MCOUNT-0
NPLUS-0
DO 30 Ni-iNEM
N-IELEM(M,Nl)
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30 IPLUSO(N)-O
40 NCHNG-1

ZSTARI-i .0
C
C FIND 8 LEVELS - K - OF IONIZATION - NI(K,N) - FOR EACH ELEMENT
C - N - OCCURRING IN MATERIAL M AND FIND THE RATIOS OF THE POPULA
C TIONS - A(X,N) - IN THESE LEVELS
C

DO 80 NI-i,NEM

C
C CHANGE IN KMAX TO INCLUDE GROUND STATE AS ONE OF THE POSSIBLE
C IONIZATION STATES
C

KMAX(N)-MINO(NTBL(N)+i .8)
KN-EMAX(N)
IPLUS(N)-O

*IF DEF,B64
IZF-IFIX(ZF(N,J) )-KNIZ

* END IF
*IF DEF,B32

IZF-IDINT(ZF(N ,J) )-KN/2
*ENDIF

IZF-MAXO(IZF,-i)
IZF-MINO( IZF ,NTBL(N)-EN)
DO 50 K-iKN

50 NI(K,N)-IZF+K
IF (J.LE.JTS.ANr.KPRIN.EQ.1) WRITE (6,220) N,(NI(K,N),K-i,8)
EGO-EN-i
KGO-MAXOCEGO, 1)
DO 70 K-i ,KGO
L-NI(K,N)+i
AXi-XI(N,L)/(8 .64E-5*TEMP(J))
IF (AXi.LT.200.) GO TO 60
A (K, N) -0.
GO TO 70

60 A(K,N)m.FXPC*EXP(-AXi)
70 IF (EPRIN.EQ.1.AND.J.EQ.JTS) WRITE (6,230) MATL(M),NAMEL(N),NI(K,N

i ),KGO,KN,L,J,XI(N,L),TEMP(J),A(K,N),FXPC
80 CONTINUE

C
C FIND FRACTION OF ATOMS - R(IC,N) - IN EACH LEVEL - K - AND THE
C LARGEST FRACTION IN EACH ELEMENT
C

90 DO i50 Ni-i,NEM
N-IELEM(M ,Ni)
KN WCMAX(N)
KGO-KN- i
IF (KN.LE.2) GO TO i00
GO TO 11O
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100 CONTINUE
RC1,N)-0.
AC 1,N)mA( 1,N)/ZSTAR*ZSTAR1
IF (A(i ,N) .GT.0. RC 1,N)mO.5*A(1,N)*(SQRT(1 .+4./A(1 ,N))-i.)
IF (A(i.N).GT.i..AND.R(1,,N).EQ.0.) R(i,N)-1.
R(2,N)-R(i ,N)
RMAX(N)amR( 1 N)
IF (KPRIN.EQ.1.AND.J.EQ.JTS) WRITE (6,240) NAMEIJ(N),ZSTAR,ZSTARI
1 ,KNKGO,A(1,N)
GO TO 150

110 CONTINUE
DO 120 K1iRGO
A(X,N)-A(K,N)/ZSTAR*ZSTARI
IF (KPRIN.EQ.1.AND.J.EQ.JTS) WRITE (6,240) NAMEL(N),ZSTAR,ZSTAR1
1 .KN,XGO,A(K,N)

120 CONTINUE
R(1 ,N)-A(KGO,N)
DO 130 K-2,KGO
KCG01 -N-K

IF (KPRIN.EQ.1.AND.J.EQ.JTS) WRITE (6,250) NAMEL(N),KGO1,K,ArKGO1
1 .N),R(1,N)

130 CONTINUE
R(1,N)-1.IC1.+R(i ,N))
RMAX(N)wR(l1,N)
IF (KPRIN.EQ.i.AND.J.EQ.JTS) WRITE (6,260) NAMEL(N),R(1,N),RMAX(N)
DO 140 Km2,KN

IF (KPRIN.EQ.1) WRITE (6,270) NAMEL(N),K,A(K-1,N),R(K-i,N),R(K,N)
140 IF (R(K,N).GT.RMAX(N)) R2AX(N)-R(K,N)
150 RMAX(N)-0.i*RMAXCN)

C
C SET OLD IONIZATION EQUAL TO ZSTAR1 AND CALCOULBATE A NEW VALUE
C FOR EACH ELEMENT - ZF1(N) - AND A NEW TOTAL VALUE
C

ZSTAR1 -ZSTAR
ZSTAR-0 .0
DO 170 Ni-i ,NEM
N-IELEH(M .Ni)
RN -KHAX (N)
ZFi(N)-0.0
DO 160 K-i ,KN

160 ZF1(N)-ZF'1(N)+R(1C,N)*FLOAT(NI(KN))
170 ZST4AR-ZSTAR+AF(MN)*ZF1(N)*FLOAT(NATOM(H))

C
C IF NEW AND OLD VALUES OF TOTAL IONIZATION DIFFER BY LESS THAN
C 1 PERCENT NEW VALUE IS OX - ELSE A VALUE OF 0.5 * (ZNEW + ZOLD)
C IS USED AND THE CALCULATION REPEATED
C

MCOUN"L-MCOUNT+ 1
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IF (MCOUNT.GT.100) GO TO 180
IF (lCOUNT.GT.500) GO TO 210
IF (ABS(ZSTAR-ZSTARI).LT.0.01*ZSTARl) GO TO 180
IF (ZSTAR.LT.1..E-40) GO TO 210
ZSTAR-(CZSTAR+ZSTAR1 )/ 2.0
GO TO 90

C
C CHECK TO SEE IF LARGEST POSSIBLE EIGHT IONIZATION LEVELS HAVE EEN~
C CHOSEN FOR EACH ELEMENT - IF NOT POOREST CHOSEN ELEMENT NUMBER
C IS TAGGED NC
C

180 XMAXlwO.O
DO 190 Nlm1,NEM
N-IELEM(M,Nl)
ICN-1OAX(CN)
IF (KN.EQ.1) GO TO 190
IF (FLOAT(NIC1,N))*R(1,N) .GT.FLOAT(NI(KN-1 ,N))*R(KN-1,N).AHD.NI(I

1 NR).GT.0) IPLUS(N)--l
IF (FLOAT(NI(KNN))*R(KNN).GT.FLOAT(NI(2,N))*R(2,N).AND.NI(KM.N)

1 .LT.NTBL(N)) IPLUS(N)m1
IF (IPLUS(N).EQ.O.OR.IPLUS(N)+IPLUSO(N).EQ.0) GO TO 190
NCHNG-2
XMAX-ABS( ZF1 (N)-ZF(N ,J))

IF (XKAX.LT.XNMAX1) GO TO 190
XMAX1 XMAX
NC-N

190 CONTINUE
C
C IONIZATION LEVELS IN ELEMENT NC ARE UPGRADED OR DOWNGRADED BY 1
C AND THE ENTIRE CALCULATION OF ZFM(J) IS REDONE
C

GO TO (210.200),.NCHDAG
CALL GOTOER

200 ZF(NC,J)-ZF(NC,J).FLOAT(IPLUS(NC))
NPLUS-NPLUS+.
IPLUSO(NC)-IPLUS(NC)
GO TO 40

210 RETURN
C

220 FORMAT ('ONI' ,15/C1X,1015))
230 FORMAT ('0 SARA' .2(X,A10),' NI(1C,N) -',13,' KGO -',13,' EN -',13,'

1 L -',13,' J -'.13,' XI(N,L) -',1PE1O.3,' TEMP(J) -',1PE1O.3./10X.
2 ' A(KN) -',1PE1O.3, FXPC -'.1PE1O.3I)

240 FORMAT ('0 SARA ',A1O,' ZSTAR .',1PE1O.3,' ZSTAR1 -',lPE1O.3.' KN
1-',13,' KGO -',13,' A(ICN) -',lPE1O.3/)

250 FORMAT ('0 SARA ',A1O,' KGOl -',13,' K -',13.' A(KGO1,N) -',1PE1O.
1 3, RC1.N) -',1PE1O.3/)

260 FORMAT ('0 SAHA ',A1O,' R(1.N), RMAX(N) u',1P2E1O.3/)
270 FORMAT ('0 SARA ',A1O,' K, A(K-1,N), R(K-1,N). R(K,N) -',13,lPZrElC

1 .3/)

A- 118



HYPUF SOURCE LISTING

END
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*DECX SPALL
SUBROUTINE S PALL

*IF DEF,B32
IMPLICIT DOUBLEPRECISION( A-H, O-Z)

*ENDIF
C
*CALL BLANK
*CALL SPLLC

E1-0.

L-
Ms-1

SMAX-0.
TMAX-O.
DO 340 J-2,JFIN

C
C CHANGE MATERIAL INDEX AND ADD NEW ACTIVE ZONE
C

IF (J-JBND(M)) 20,10,20
10 CONTINUE

LLmLL+ 1
20 CONTINUE

IF (J.LT.JFIN) GO TO 30
GO TO 340

C
C CHECK FOR PREVIOUSLY SPALLED ZONE
C

30 CONTINUE
IF (TSPALL(J).EQ.1.234) GO TO 40
GO TO 70

40 CONTINUE
ISPALL-3

C
C NOW CHECK TO SEE IF ZONE SHOULD BE RECOMBINED
C

IF (XS(MS).LT.X(J)) GO TO 70
C
C YES, RECOMBINE ZONE'
C

X(J mXCJ)+CXS(MS)-X(J))*ZM(J)/CZM(J)+zM(J",-))
DU-U(J)-U( J-1)
V(J)-(XCJ)-x(J-1 ))/ZM(J)
ISM-ISM-.
IF (MS-l.EQ.ISM) GO TO 80
DO 50 I-MS.ISM
IP1-I+1
XS( I)-XS( IPi)
US(I)-US(IP1)
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50 CONTINUE
60 CONTINUE

TSPALL(J)-O.0
I SPALL- 1

XS( ISmP1 )_-O
US( ISEPi)-O .0
WRITE (6,410) J,X(J),N.TIME
LINE-LINE+2
IF (LINE.LE. 50) GO TO 70
WRITE (6,440)
L INE-0

70 CONTINUE
IF (V(J).LT.O.O) WRITE (6,430) J,MS,N,XSCHS),X(J),X(J-1),TSPALL~(J)

C
C NOW CHECK FOR TENSION IN VAPOR AND MELT
C

IF (TSPALL(J).EQ.8.) GO TO 290
IF (TSPALL(J).EQ.7.) GO TO 80
IF CTSPALL(J-1).NE.7. .AND.TSPALL(J-1).NE.B.) GO TO 100
IF (TSPALL(J).EQ.1.234.OR.TSPALL(J).EQ.0.0) GO TO 90
GO TO 100

80 CONTINUE
IF CTSPALI.(J.1).EQ.7.) GO TO 90
IF (TSPALL(J+1).EQ.1.234.OR.TSPALLCJ+1).EQ.O.O) GO TO 90
GO TO 100

90 CONTINUE
*IF DEF,B64

SCJ)-AMAX1(S(J) .0.)
*ENDIF
-IF DEF,B32

S(J)-DMAX1(S(J) ,0.DO)
*ENDIF

GO TO 290
C
C CHECK FOR FRACTURE IN SOLID MATERIAL
C

100 CONTINUE
IF (S(J)+Q(J).GE.0. .OR.S(J-1)-Q(J-1).GE.0.) GO TO 290
IF CT.SPALL(J-1).EQ.8.) GO TO 290
IF ('!SPALL(J).EQ.1.234.OR.TSPALIJ(J).EQ.0.) GO TO 290
IF CISPALL.NE.0.OR.TSPALL(J-1).EQ.1.234) GO TO 290
GO TO (110,120,130,140, 150,160,170,180., 190.200), ISPLLM(M)
CALL GOTOER

110 CONTINUE
C
C FRACTURE MODEL BASED ON TENSION. CALCULATE STRESS FOR COMPARISON
C WITH TSPALL.
C
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IF (TSPALL(J-I)+SJ.GE.O.) GO TO 290
IF (MS.LE.49) GO TO 210
WRITE (6,450)
STOP 21

120 CONTINUE
C
C SIMPLE STRAIN MODEL FOR FRACTURE. S - AVERAGE STRAIN.
C

E2-V(J) *RNO(M)
E2-1./E2-1.
SJ-.5*(El+E2)
El-E2
IF (TSPALL(J-1)+SJ.GE.O.) GO TO 290
IF (MS.LE.49) GO TO 210
WRITE (6.450)
STOP 21

130 CONTINUE
140 CONTINUE
150 CONTINUE
160 CONTINUE
170 CONTINUE
180 CONTINUE
190 CONTINUE
200 CONTINUE

GO TO 290
210 CONTINUE

ISM-ISM+1
II-ISM
JS-J-1
XCAL-O.
SUMASS-O.
TSUMAS-O.
M-1
DO 250 1-2,JFIN
IF (I-JS) 220,230,260

220 CONTINUE
IF (JBND(M).EQ.O) GO TO 240
IF (1-JBND(l)) 240,230,230

230 CONTINUE
TSUMAS-TSUMAS+ZM( I)
TCAL-TSUMAS/RHO(M)
XCAL -XCAL+TCAL
SUMASS-SUMASS+TSUMAS
TSUMAS-0.
M-M+1
GO TO 250

240 CONTINUE
TSUMAS-TSUMAS+ZM( I)

250 CONTINUE
260 CONTINUE
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WRITE (6.400) JS,X(JS),N.TIMESJ,TSPALLJS),XCAL,SUASS.ISM
IF (TSPALL(JS).EQ.7..OR.TSPALL(JS-.1).EQ.7.) S(JS)-0.
TSPALL(JS)-1 .234
IF (TSPALL(JS-1).EQ.8..OR.TSPALJ(J).NE.7.) Is-1
LINE -LINE 3
IF (LINE.LT.150) GO TO 280
WRITE (6,440)
LINE -0
GO TO 280

270 CONTINUE
Ill-Il-i
XS(II)-XS(III)
US( II)-Us(III)
II-III

280 CONTINUE
IF (IIGT.MS) GO TO 270
IS(MS)-X(JS)
US(MS)-U(JS)
ISPALL-2

290 CONTINUE
C
C CALCULATE THAX AND SMAX
C

SJ-S(J)
IF (SJ-TMAX) 300,310,310

300 CONTINUE
TMAX-SJ
JTMAX-J

310 CONTINUE
IF (SJ-SMAX) 330,330,320

320 CONTINUE
SMAX-SJ
JSMAXULJ

330 CONTINUE
IF (ISPALL.GE.2) MS-MS+1
ISPALL-0
MULL

340 CONTINUE
IF (IS.LE.0) RETURN
I5-0
I-0
MS -1
sMM-0
DO 380 J-2,JFIN
IF (TSPALL(J).NE.1.234) GO TO 350
SfM-SM+.5*ZM(J)*(U(J-1)+US(MS))
MS-mS+1
GO TO 360

35C CONTINUE
SMM-SMM+. 5*'M(J)*(U(J-1)+sU(J))

A- 123



HYPUF SOURCE LISTING

360 CONTINUE
IF (J.EQ.JFIN) GO TO 370
IF (TSPALL(J).EQ.8..AND.TSPALL(J 1).NE.8.) GO TO 370
IF (TSPALL(J).NE.1.234) GO TO 380

370 CONTINUE
I-I+1
SM(I)-SMM
SMM0.

380 CONTINUE
WRITE (6,420) (SM(J),J-1,I)
1-1/8
LINE-LINE+I+3
IF (LINE.LE.50) GO TO 390
WRITE (6,440)
LINE-O

390 CONTINUE
RETURN

C
400 FORMAT (/27H --- SPALL OCCURED AT ZONE,14,9H LOCATIO1%,lPE12.4,12H

1 CM AT CYCLE,14,6H TIME-,lPE11.4.11H SEC SJ -,lPE11.4,11H TSPALL
2(J)-, IPEII .4/5X,20HLOCATION IN MATERIAL,21H COORDINATE SYSTEM IS.1
3 PE12.4,23H CM TOTAL MASS TO THIS,8H POINT -,PE11.4,26H GM TOTA
4L NO OF SPALLS IS,13)

410 FORMAT (/19H S$S COMBINED ZONE,I4,9H LOCATION,1PE12.4,13R CM AT
1CYCLE,14,6H TIME-,1PE11.4.4H SEC)

420 FORMAT (/24H1 MOMENTUM AFTER FRACTURE/(IP8E14.4))
430 FORMAT (23H NEGATIVE DENSITY ZONE.14,5H MS-,13,1OH CYCLE NO,14/

1 9H XS(MS)-,lPE14.4,7H X(J)-,lPE14.4,9H X(J-1)-,1PE14.4,12H TSP
2ALL(J) -,,PE14.4)

440 FORMAT (IHi)
450 FORMAT (/51H PROGRAM HAS REACHED THE NO OF SPALLS DIMENSIONED)

END
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*DECK TRANSP
SUBROUTINE TRANSP

-IF DEF,B32

IMPLICIT DOUBLEPRECISION(A-H,O-Z)
*ENDIF
* CALL BLANK
* CALL AA
*CALL AC
*CALL EQFL
*CALL INDX

H-1
LL- 1
NEM-NELEMC 1)
JI-MAXO(JSTAR. JHAT)
Jl-MINO(J1 ,JFIN)
DO 50 J-2.Jl
IF (J.EQ.JBND(N)) LL-M+l
IF (ITER(J).EQ.O) GO TO 40
XLAM(J)-O.0
XLAM2(J)-O.O
IF (ZFM(J).LT.O.01) GO TO 40
IF (ITER(J).EQ.1) GO TO 20
z1-0.0
Z2-0.0
DO 10 Ni-iNEM
N-IELEM(H ,N1)
Zl-Zl+AF(H ,N)*ZF(N,J)

10 Z2a.Z2+AFC,N)*ZFN,J)**2
XLAM1(J)-3.18E-6*Zl/Z2/LGDEL(M)/TEP(J)**0.5
IF (ITER(J).EQ.2) GO TO 40

20 IF (ZFM(J).LT.1.0) GO TO 40
XLAMA-O.
XLAMP-1.

C
C NO0W WE CALCULATE THE ROSELAND M~EAN OPACITY TO BE STORED IN XLAM2(J
C

DO 30 Ni-i ,NEH
N-IELEM(M ,Ni)

*IF DEF,B64
Z1-AHAX1(ZF(N,J).1 .E-30)

*ENDIF
*IF DEF,B32

Zi-DMAX1(ZF(N,J).1 .D-30)
*ENDIF Z-IZ+2

XLAMTu5.8E46*(XW()*VJ)/FLOAT(NATOM(M))/AF(M.N))**2*TEMP(J)**3.
1 5/Zi/Z2
XLAMP -XLAMP*XLAHT

30 XLAMA- XLAMA+XLAMT
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IF (NEX.EQ.1) XLAMA=1.O
,XCLMPmfLAMP/XLAHA-7.56E-5
XLAM2( J ) -LAMP

40 HMLL
NEM-NELEM( N)

50 CONTINUE
RETURN

C
END
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HYPUF CORRECTION DECK

*ID RUN
*DEFINE B32
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APPENDIX B

HYPUF INPUT INSTRUCTIONS

The attached table gives the input instructions for HYPUF in the form of a logic
flow diagram. With the exception of those variables which require character input, all

input is in free format. The variables that require character input are so designated in

the instruction table (e.g., by : Al0).

The user should be aware that one disadvantage of free format input is that

something must be entered for every variable requested. Simply leaving the fields
blank will not work. If an input should be zero, than enter 0. The input for a sample
problem is provided following the input instructions table.

Following the sample problem input listing is a set of three graphs which

summarize the calculated results for the sample problem. the first graph shows the

time evolution of two measures of specific impulse which are calculated by the code.

The specific impulse history is printed out on tape 9 (also known as FORTRAN Unit 9).
A spreadsheet program was used to select the columns from the printout that were
plotted. The second graph shows the calculated stress history at the midplane of the

material. The last graph show the peak stress calculated as a function of position.

Compressive stresses are positive in HYPUF. The sample problem given should be

adequate for verifying the installation of HYPUF on a given computer system.
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F300 / TCWP ***

1 5 1 1 1 1 0 0

I.E-10 5.E-10 I.E-9 2.E-9 5.1E-9

I I.

-1 2 50 40 20 0 0 50000

.1 .125 0.

5. 3.OE-6 0. .02 0. 10 0 1

i.E-12 .5 .5

4

24 4 4

HYDROGEN

1 0 i.0079

18.01 -3.006 .014

0. 0. 300.

CARBON

6 0 12.0111

21.77 -2.843 .005

39.93 -2.843 .013

2191.3 -2.436 .284

0. 0. 300.

NITROGEN

7 0 14.0067

72.76 -2.791 .007

45.64 -2.791 .018

2967. -2.701 .4
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0. 0. 300.

OXYGEN

8 0 15.9994

150.7 -2.707 .009

85.6 -2.707 .024

3619. -2.768 .533

0. 0. 300.

TCWP

0 1

1.44 1.59EII 1.94Eli 1.113E10 .52 .11 0. -1.E9 1 205.

6*0.

3.i6E9 3.IEIO 0. 4.81E-2 12.085 5. 5.E3

6*0
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